INTRODUCTION

This notebook is intended to be a working tool that provides a readily available
compilation of current FHWA policy and guidance on pavements. Users afe
encouraged to add material as they see fit.

The notebook is composed of:

(1)  Reference to appropriate Federal-aid Highway Program
Manual directives;

(2) Other issuances, such as Technical Advisories and Noligés which present
short-term instructions or interim policy;

(3) FHWA memorandums clarifying policy or praviaing
technical guidance;

(4) Discussions reflecling ¢urrent state-of-thesart or
philosophy;

(5) Material on devélopmental and research areas related to
pavements.

The material is arrafiged by subject into chapters and sections. The Table of Contents
shows current date for each dosument.

AnyComments, suggested additions, or revisions to the notebook should be directed to
the Federal Highway Administration, Attn: Mr. Peter J. Serrano, Pavement Division,
HNG6, 400 Seventh St., S.W., Washington, D.C.; Telephone number 202.366.1341
or email at Péter.J. Serrano@rhwa.dot.gov. ’






Enciosed is the second revision to the P‘me book For FHWA Engineers. Please
make the changes contained in the attachm S ched form on the following
page so that we can include your name and SS ON O ling list. For further
information or additional copies of the ok act Mr. Peter J. Serrano at
202.366.1341 or Peter.J.Se
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Refer to: HNG-40
Chief, Pavement Division
Federal Highway Administration
400 Seventh Street, SW., Room 3118
Washington, D.C. 20590-0001

Attn: Mr. Peter J. Serrano, P.E.
Dear Sir:
I have received a copy of the Pavement Notebodk for FHWA
Engineers and would like to be on your distribution list for
future updates and/or additions to the notebook.
Request for additional copies should be addressed to:
Federal Highway Administration
Pavement Division - Attn¢ M. Petéer J. Serrano, P.E..
Pavement Design and Rehabilitation Branch (HNG-42)

400 Seventh Street, S.W.
Washington, D.C 20590

Please mail or fax the form below.

----------------------- cut here e o e e
Name:
Title:
Agency:
Address:
Telephone Number:
Federal Highway Administration =~ Pavement Division

Attn: Mr. Peter J. Serrano, P.E. (HNG-42);
Fax number: 202.366.3713
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AP-21 . Geotechnical Microcomputer Programs

DESCRIPTION : This project has involved the development of several geotechnical programs
under contract with geotechnicai microcomputer programming firms. These prograni$have been
made available to the States by the OTA.

BACKGROUND : The microcomputer industrv has undergone rapid changes in recenf vears. New
developments in hardware and software make the use of the microcomputer in civil engineering applications more
feasible, practical, and almost indispensable.

The microcomputer can be used to solve many geotechnical problems that need repélitive andhy et complicated
calculations, such as analyzing embankment and foundation deformations, estimating pile beliavior under static
and dynamic forces, and calculating foundation settiements. Five of the microcoriputer péogramgdeveloped or
under development are:

COMG624P:  Analyzes the behavior of piles or drilled shafis subjected to lateral loads using the p;y
_ method.

EMBANK:  Determines onc-dimensiopali@ompression settlement because of embankment loads.
SPILE: Calculates the ultimate static pile capacity in cohesive and cohesionless souls.

RSS: Analvzes stability. of slopes that contain soil reinforcement. The analysis is performed
using a twotdiniensional [imiting equilibrium method.

MSEW: Designs and/or analyzes required reinforcement for mechanically stabilized retaining
wills, whigh does not cofisider specific facing configurations.

DRIVEN: This program 15 the updated version of the SPILE Program.

PILE

FOUNDATION : Ths program will be developed based on the University of Florida program -
LPGSTAN which is capable of analyzing bridge foundations subject to extreme
events (hurricanes, ship and ice imports). The program will extend its capabilities
to include the analysis and design of sound walls, retaining walls, signs and high
mast lighting structures.

. PROJECT MANAGER : Chien-Tan Chang, HTA-22, (202) 366-6749

STATUS : The SPILE Program has been upgraded, the new program is called Driven. This program is
estimated 10 be completed by the end of 1995. RSS Program has been completed. It will be tested for about 2
months and will be distributed early December 1995. Contracts are being negotiated to develop a new version
of MSEW program and a multiple faceted program called Pile Foundations.

10.5.19
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PAVEMENT POLICY

1.1  Pavement Design and Management Requirements
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- 500.201, Purpose
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- 500.205, PMS general requirements
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1.4  Proposed Final Interstate Maintance Fund
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® Transfer of Interstate Maintance Program Funds, Proposed Final Policy
Statementg/Federal Register, September 02, 1994).
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[FEDERAL~AID POLICY GUIDE
April 22, 1994, Transmittal 10 23 CFR 500B] OPI: HNG=-41

SUBCHAPTER F - TRANSPORTATION INFRASTRUCTURE MANAGEMENT
- PART 500 - MANAGEMENT AND MONITORING SYSTEMS

Subpart B - Pavement Management System
Sec.

500.201 Purpose.

500.203 PMS definitions.

500.205 PMS general requirements.
500.207 PMS components.

500.209 PMS compliance schedule.

Authority: 23 U.S.C. 134, 135, 303 and 31549 IU.S5.C. app.
1607;
23 CFR 1.32; and 49 CFR A .48 afidpl.51.

Source: 58 FR 63475, Dec. I| 1993'[Effective Jan. 3, 1994]
Sec. 500.201 Purpose.

The purpose of this/ subpart is to Set forth requirements for
development, establishment, implementation, and continued
operation of a pavement management system (PMS) for
Federal-aid highways in each State in accordance with the
provisions of 23 U.s,.C.7 303 and subpart A of this part.

Sec. 500.203 PMS defifiitions.

Unless otherwise spécified in this part, the definitions in
23 UJSS.C. 101(a) ana Sec. 500.103 are applicable to this
subpart. As used in this part:

Pavement \design means a project level activity where
detailed engineering and economic considerations are given to
altérnative, combinations of subbase, base, and surface
materials which will provide adequate load carrying capacity.
Factors which are considered include: materials, traffic,
climate, maintenance, drainage, and life-cycle costs.

Pavement management systenm (PMS)'means a systematic process
that provides, analyzes, and summarizes pavement information
for use in selecting and implementing cost-effective pavement
construction, rehabilitation, and maintenance programs.

Sec. 500.205 PMS general requirements.

(a) Each State shall have a PMS for Federal-aid highways
that meets the requirements of Sec. 500.207 of this subpart.

1.1.1



(b) The State 1is responsible for assuring that all
Federal-aid highways in the State, except those that are
federally owned, are covered by a PMS. Coverage of federally
owned public roads shall be determined cooperatively by the
State, the FHWA, and the agencies that own the roads,

(c) PMSs should be based on the concepts described inthe
" “AASHTO Guidelines for Pavement Management Systems.'' [AASHTO
Guidelines for Pavement Management Systems, July 1990,
can be purchased from the American Association (8f State
Highway and Transportation Officials, 444 N. Capital Street,
NW., suite 225, Washington, DC 20001. Available for inspectiocn
as prescribed in 49 CFR part 7, appendix D.]

(d) Pavements shall be designed to accommodate £urrent and
predicted traffic needs in a safe, durable, and gést-dffective
manner.

Sec. 500.207 PMS components.

(a) The PMS for the National Highway System (NHS) shall, as
a minimum, consist of the follgwing Campenents:

(1) Déta collection and managemehnt.

(i) An inventory Gf\phySical pavement) features including the
number of lanes, length, width, surface type, functional
classification, and sheulder infarmation.

(ii) A history ©f project)dates and types of construction,
reconstruction, /rehabilitation, and preventive maintenance.

(iii) Comdition surveys that include ride, distress,
rutting, and surface friction.

(iv) Traffic information including volumes, classification,
and load data.

(v) Apdata base that links all data files related to the
PMS. The data base shall be the source of pavement related
informAtion reported to the FHWA for the HPMS in accordance
withd{the HPMS Field Manual. [Highway Performance Monitoring
System (HPMS) Field Manual for the Continuing Analytical and
Statistical Data Base, DOT/FHWA, August 30, 1993, (FHWA Order
M5600.1B) . Available for inspection and copying as prescribed
in 49 CFR part 7, appendix D.]

1.1.2



(2) Analyses, at a frequency established by the State
consistent with its PMS objectives.

(i) A pavement condition analysis that includes ride,
distress, rutting, and surface friction.

(ii) A pavement performance analysis that includes an
. estimate of present and predicted performance of spec1f1c
pavement types and an estimate of the remaining/service \life
of all pavements on the network.

(iii) An investment analysis that includes:

(A) A network-level analysis that estifiates tofal costs for
present and projected conditions acrosg the sietwork.

(B) A project level analysis that deterfilnes investment
strategies including a prioritized 1ist,  off recommended
candidate projects with recommended preservatlon treatments
that span single-year anfl multi-vear periods using 11fe-cycle
cost analysis.

(C) Appropriate horizons, as determined by the State, for
these investment analyses.

(iv) For appropriate sectiens, an)engineering analysis that
includes evaluation of design, construction, rehabilitation,
materials, mix designs, and preventive maintenance as they
relate to the performance of pavements.

(3) Updafte. The PMS shall be evaluated annually, based on
the agency's curfent < policies, engineering «criteria,
practices, ‘ahd experience, and updated as necessary.

(b) \The PMS forgFéderal-aid highways that are not on the NHS
shall be modeled on the components described in paragraph (a)
of this Section, but may be tailored to meet State and local
needs. These components shall incorporate the use of the
international) roughness index or the pavement serviceability
rating 'data as specified in Chapter IV of the HPMS Field
Manual.

Sec._ 500.209 PMS compliance schedule.

(a) By October 1, 1994, the State shall develop a work plan
that identifies major actlvxtles and responsibilities and
includes a schedule that demonstrates full operation and use
of the PMS on the NHS by October 1, 1995, and on non-=NHS
Federal=-aid highways by October 1, 1997.



(b) By October 1, 1995:

(1) The PMS for the NHS shall be fully operational and shall
provide projects and programs for consideration in developing
metropolitan and statewide transportation plans and
improvement programs; and

completed or underway in accordance with the S
plan.

(c) By October 1, 1997, the PMS for non-NHS Fec
highways shall be fully operatlonal and shal
and programs for consideration in develop
statewide transportation plans and impro

1.1.4
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SMESAL SAVEMENT DESIGN CONSITETRATIONS
23 CFR E00.205:°d))

3.

ie 23 CFR 500.205(d) establishes the follfwing
uirement: “Pavements shall be designed to
ommodate current and predicted traffic needs, in

safe, durable, and cost-effective magnern. 1o
egulations do nct specify the procedures to be
followed to meet this requirement. [Rathes eacgh
State Highway Agency (SHA) is expected £ use a
design procedure which is approgriate £0r their
conditions. The SHA may use the design progédures
cutlined in the AASHTO Guide for Design of
Pavement Structures &F theyymay use other pavement
design procedures that, based &n past performance
cr research, are expecté€d, to produse satisfactory
pavement designs.

(y 0 rF

O o

A AR |

a. FHW valuatj Pavemn Degign Procedures

(1) Consistént with FHWA's Operational

' Philosophy on process review/produc:t
evaluation W(PR/PE) attached to Executive
Director Carbson's November 12, 1391
memoraridum, the FHWA field offices will
conduct  periodic reviews of the SHA's
pavement design process. As part of the
review, FHWA field offices will sample a
sufficient number of projects to
determine that the pavement design
process is being followed and the
process provides reascnable engineering
results. If the reviews show that the
SHAs have and are following an
acceptable pavement design process,
routine pavement design reviews of
individual projects will not be
required.

(2) The FHWA encourages the development of
mechanistic pavement design procedures.
To promote consistency in application of
mechanistic related design procedures,
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the Pavement Division will participate
with the Region and Division cfifices in
reviewing and discussing these
procedures with the State during their
development.

o
,"?

stors to Consider in Pavement Desizn.

Highway agencies should pay particular
attention to the following items in designing
pavements.

(1) Traffic. Pavement designers should wark
closely with the SHA comporent
respensible for the development/ €f thée
Traffic Monitoring System for Highways
(TMS/H) required under 23 CER 500 .801.
The TMS/H should reflect the accurady,.af
traffic volume, classification, and
truck weight dat@)requimed for pavement
design.

{a) Accurate cumulative load (normally
expressed_as, 18 kip)equivalent
sifgle agle loads Or ESALs)
estimatés are extremely important
to structcural pavement design.
lLoad estimates should be based cn
rap¥esentabive current vehicle
tlassificatien and truck weight
data andgantieipated growth in
heavy truck volumes and weights.
Representative current traffic data
should ¥e obtained using
statistically valid procedures Zor
obtaining count, classificazion,
and weicht data based on the
concepts described in the FHWA
vTraffic Monitoring Guide" and the
"AASHTO Guidelines for Traffic Cata
Programs."

(b) Accurate veh:cle classification
data on the number and types cf
trucks is essential to estimating
cumulative lcads during the design
period and shou.d be given special
emphasis. Weight information
should be cbtained using weigh-in-
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metion (WIM) equipment since this
data is more representative than
data obtained using static
enforcement scales which are
plagued with avoidance problems.
States should continue to automate
their monitoring program through
installation of strategically
placed automatic vehicle
classification and WIM systems ag
soon as possible to improve_the
current base traffic datafused o
forecast future truck vglumes and
loads.

(c) The SHA's forecasts af future
loadings should, as‘'a minimbam, d9e
based on two truck classes: “tricks
up to 4faxle gombination and trucks
with 5-axles or more. | Changes in
load factofs), should also be
menitored and forecasted. The
forecasting prosedures should
considler past treénds and future
economic activity in the area. A
traffic data eollection and
forecasting program that identifies
the ‘most important truck types and .
thie changes in numbers and weights
of these truck types during the
design period should provide
realistic load estimates.

Rogdbed £011s. Both the 1986 and 1993
versions of the "AASHTO Guide For Cesign
of Pavement Structures" require the use
of the Resilient Modulus (M) (a measure
of the elastic property of soils) in
lieu of soil support value as the basic
materials value to characterize roadbed
soils for flexible pavements. The
AASHTO Guide strongly recommends that
SHAs acquire the necessary equipment to
measure M,. SHAs who use M, values
converted from CBR and R-value should
conduct correlation studies using a
range of soil types, saturation levels,
and densities to determine realistic
input values. For rigid pavements, the

1.1.9
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use of a k-value is required. NCHR?
Report 372, Support Under Portland
Cement Concrete Pavements, provides
improved guidance on selecting
apprepriate values for this factcr.
Froper roadbed soil support is needed
for longer pavement service lives and
more cost-effective pavement design.

(a) Drainage is one of the more
imporzant factors in pavement
design, yet inadegquate subsurfdce
drainage ccntinues to e a
significant cause of pavement
distress, particularly in portian
cement concrete pavements., DIuring
the last 10 years significant
strides have b@éen made Wn the
development of pesitive drainage
systems for new and reconstructed
pavements’. There have also been
major dévelopments in)products and
materials whichh zan bPe used for
retrofit longitudinal edgedrains.

(b} Ahe develOpments in permeable base
technology @and longitudinal
edgedrailils make positive ravemen:
drainage possible and affordacie.
Aecordingly, pavement design
protedires need to consider the
effects of moisture on the
performance of the pavement. Where
the drainage analysis or past
performance indicates the potential
for reduced service life due to
saturated structural layers or
pumping, the design needs to
include positive measures to
minimize that potential.

hou Strugture
{a) Recent studies demonstratg‘that
full structural shoulders improve

both mainline pavement and shoulder
performance. Research results have

1.1.10
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shown that widening the right
pavement lane and placing the edge
stripe 0.5 m from the outside
pavement edge significantly
improves ravement performance.

(b)  The SHAs are encouraged to use
paved shoulders where conditicns
warrant. Shoulders should be
structurally capable of .
withstanding wheel loadin@s from
encroaching truck traffdec. Cn
urban freeways or exprgsswayé,
strong consideration should Ce
given to constructdng thel shoulder
to the same structural secsion Aas
the mainline pavement. This will
allow the shoulder t© be used as a
temporary detoullane during future
rehabilitation or reconstruction.

(c) On new and recenstructed pavement
proje€ts) the SHAs are encouraged
to Anvestigate the advantage of
specifying that tlie shoulder be
constructed Of the same materials
as the mainline, particularly on
bigh<velume roadways. Constructin
shoulders of the same materials as
the mainline facilitates
construction, reduces maintenance
costs, improves mainline pavement
pexformance, and provides
additional flexibility for future
rehabilitation.

The design of both new and rehabilitated
pavements should include an engineering
and economic evaluation of alternative
strategies and materials. The project
specific analysis should be evaluated in
light of the needs of the entire system.
Appendix B of the 1993 "AASHTO Guide for
Design of Pavement Structures," and the
"FHWA Pavement Rehabilitation Manual,"
provide guidance on engineering
considerations. The Engineering
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evaluation should include consideration

~¢f the use of recycled materials or

pavement recycling techniques where
feasible. Economic considerations
include an economic analysis based on
Life Cycle Costs (LCC). The FHWA
interim policy statement on LCC analydis
published in the July 11, 1994 Federal
Register provides guidance on LCC
Analysis.

(a) Pavements are long term gur’ic
investments and all thel cos:sf (Cozh
agency and user) that occur
throughout their lisves Shelild be
considered. LCCA identifies thse
long term economic efficiency of
competing pavement degsigns.
However, Che Teshlting numbers
themselves ére less dmportant than
the logical“analysis framework
fostered by LCCA in which the
conseglenees of éompeting
altefnatives are ewvaluated.

When performing LCCA for pavement
design, the variability of input
parameters needs to be considered.
The results of LCCA should be
evaluated to determine whether
différences in costs between
competing alternatives are
statistically significant. This
evaluation is particularly
important when the LCC analysis
reflects relatively small econcmic
differences between alternatives.

(b) The FHWA's policy on alternate
bids, which would include bids for
alternate pavement types, is
addressed in 23 CFR 635.411(b).
This section regquires the use of

alternate pid items "When ... more
than cne... product... will fuifill
the requirements... and these

products are judged... equally
acceptable on the basis of
engineering analysis and the

1.1.12
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anticipated prices... are estimuted
to be approximately the same.

1) The FHWA does not enccurage the use of
alternate bids to determine the mainlirns
pavement type, primarily due to the
difficulties in developing truly
equivalent pavement designs.

(2) In those rare instances where theguse of
alternate bids is considered, sghe SHA)s
engineering and economic analysis off the
pavement type selection process shéuld
clearly demonstrate that ghere ig no
clear cut choice between two or more
alternatives having equivalent desigrs.
Equivalent design implies that eacn
alcernative will bed{designed to perform
equally over the same performance pericd
and have similar“life-cycle tosts.

Rehabjlitati Paveme esign. It is
essentialdthat gehiablilitation projects be
properly engineered td achieve the best
return possiblé for the money expended. When
an existing paveément strugture is sound and
the costf@wrestore serviceability is minor
when cofipared to the cost of a new pavement
structiire or major rehabilitation, an
engineering and| €conomic analysis of
alternative acticns may not be necessary. In
general, for ald major rehabilitation
projects, ‘@ach of the following steps should
be followed to properly analyze and design
the project.

(1) Ergiect Evaluation

(a) Obtain the necessary information to
evaluate the performance and

- establish the condition of the in-

place pavement with regard to
traffic loading, environmental
conditions, material strength, and
quality. Historical pavement
condition data, obtained from the
Pavement Management System (PMS),
can provide good initial
information.

1.1.13
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(b)

{c)

Identify the types of pavement
distresses and the factors causing
the distresses befcre develeping
appropriate rehabilitation
alternatives. The tools necessary
to analyze pavement failures, such
as coring, boring, trenching, and
deflection measurements, are well
known, and need to be employed moie
ofren.

Evaluate the array of fsasibls
alternatives in terms of How well
they address the causes of the
deterioration, repair sthel existin
distress, and prevent'| the prematursé
reoccurrence of the digtress,

(2) Prgjeé; Analysis» 4 )

(a)

)

Perform an engimpeering and econcmic
analysis of candidate strategies.
The engin@@ring analysis should
c@nside® the braffie)loads, -.
climate, materials, ‘Construction
practices, and expected =
performance. The economic analysis
ghould be \based on life cycle cost-
and consider service life, initial
cost, mdinternance costs, user
costs, and future rehabilitation
requirements, including maintenance
efgtraffic.

Select the rehabilitation
alternative which best satisfies
the needs of a particular project
considering economics, budget
constraints, traffic service,
climate, and engineering judgment.

(3) Project Design

{a)

Conduct sufficient testing, both
destructive and non-destructive, to
verify the assumptions made during
the alternative evaluation phase.
The SHAs should consider a new
distress survey if the original
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condition survey was sample based
or if the survey is not curreat in
terms of the time the project i’
scheduled to go to contract.

Consider and address all factérs
causing the distress in addificn to
the surface indicators in the final
design. Such factors as structural
capacity, subgrade suppemt, surface
and subsurface drainaGe
characteristics need to be
considered and provided £or ifi the
final design.

Once a rehabilitafion altéfnative
is sglecred, design the project
using appropfiate engineering
technigqdes. A number of
publications are available to guide
the selectien of these engineering

- tedhnigues.| The FHWA's "Pavement

Rehabilitation WManual," and
Eraining &ourse "Techniques for
Pavement Rehabilitation" provide
exeellent guidelines. There are
alsoya number of excellent guides
available from the asphalt and
géncrete industries.

m m

Document the intent of the design
in the project plans and
specifications to provide both the
contractor and the construction

"engineering personnel a clear and

concise project propesal. In
addition, mairtain adequate
communication rketween the design
and construc::.on engineers. This
will reinforcse the intent of the
design and pr:vide feedback on
project constru.ctability and
performance to aid timely
evaluation of the selected
rehabilitation alternative.
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() The performance information should
also be included as a par: ci =th
SHA's PMS. The lack of gocd
performance data on pavement
rehabilitaticn technigues is cne of
the weaker points in the
rehabilitation process. Increased
emphasis should be placed cn
developing basic performance and
maintenance cost data on
rehabilitation techniques whers
performance data i1s not pEesentl
availaole.

The SHAs should provide skid resistant
surfaces on all praofects . Mregardless of
funding source. New pavementhsurfaces
constructed with Fedex@) funds mlst have skid
resistant properties suitable for the needs
cf the traffic. New pavement surfaces cn
projects where adskid resistant surface was
previously Constructed with Tederal funds
must have skid resistant properties suitable
for the needs of the traffic even if not ncw
financed wamh, Fedeéral-aid funds.

The SHAS should analy2ze pavement perfcrmance

istoriés and existing skid data to ensure
thaf the materials, mix designs, and
construction teghniques used are capaple of
providing a satisfactory skid resistant
surface over the expected performance pericd
of the pavement. Each SHA's skid accident
reductien program should include a systematic
process Lo identify, analyze, and correct
hazafdous skid locations. The SHA's should
use the same ccastruction procedures and

~-—gquality standar s used in constructing new

pavements in pa  :ment maintenance operations.

Plans and specifications for proposed
pavement rehabilitation and reconstruction
projects should include items to minimize
disruption and ensure adequate protection of
the motorists and workers within the
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construction work zone in accordance witch the

crovisions of 23 CFR 6§30, subpart J and
23 CFR 635, subpart A.

N

G
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NOV 04 1994

ACTION: ISTEA Pavement Management Systems

Director, Office of Engineering HNG-41
Regional Administrators

We are approaching the first bench mark in implementing the¢Pavement
Management System (PMS) provisions in ISTEA.. By Janflary 1, 1995, each State
is required to submit to the division office the certification statement, work
plan, and status for implementing its PMS. The division@ffice should review
the submission and forward its comments and a copy of the documents to the
region. The regional office fias thedr@sponsibility to review and accept the
submission and notify the division office decordingly.

The purpose of this memorandum is twofold. First, we want to provide
technical guidance and criteria,in order to implement the PMS provisions in
ISTEA in a complete and cohsistent manner. Secondly, we request your
cooperation and assistance in providing us with PMS information, so we can
gontinue to monitor the States’ progress in developing and implementing their
MS's. ‘

1. During the gast months, we have assisted several field offices in
reviewing draft work plans and noted some deficiencies and
inconsistencies that warrant attention. Presently, we need to focus on
four gechnical items: (1) multi-year prioritization, (2) life-cycle cost
analysis, (3) conditdon survey distresses, and (4) condition survey
samples. Attached is technical guidance on these four items for your

"use. W@ have reiterated some of the fundamentals of PMS for the benefit
of the States and divisions who are experiencing a high turnover and
influx of engineers and managers who are new to PMS.

2. 4For the past 8 years the Pavement Management Branch has maintained a
national database on the status of the States’ PMS’s that is used to
assess and guide the national PMS program. With the advent of the ISTEA
certification process, the information in the database will continue to
play ai Tmportant role in managing the national program. As you know,
the information has always been collected and reported by the FHWA staff.
We are requesting your cooperation and assistance to have the division
office PMS specialists update this information when they concurrently
review the States’ PMS certifications and work plans. Please send the
completed PMS Survey form (copy attached) to the Pavement Management
Branch, HNG-41 by January 17, 1995. .. .
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Implementing the PMS provisions in ISTEA is of vital importance to FHWA. The
key to success is a strong joint effort between Headquarters and the field
offices. We will continue to provide technical guidance and direction as
needed to help achieve a comprehensive and consistent PMS pro
have any questions, or need technical assistance, please cont
Botelho at 202-366-1336.

~ William A. Weseman
William A. Weseman

,A |
N
)

122



TECHNICAL GUIDANCE

Multi-Year Prioritization. Multi-year prioritization iS the heart
of a PMS. [t provides a prioritized listing of projects forawhich
rehabilitation/preservation actions are recommended for each year
of the planning horizon. The multi-year prioritized 1isf of
candidate projects and treatments is a "first cut® list that is
normally produced by the Pavement Management Engineer(s) and
submitted to the appropriate offices in the Agency to be wused as
input in developing the statewide pavement preservation program.
The prioritization is based on priority factoré, predicted
performance, and economic analysis relative to the goals set by the
State for its network. The candidate projects shodld have a high
benefit cost ratio based on life-cycle cast analysis. The
prioritization process must be objective, analytical, formalized,
and automated (computerized for State and large lomalihetworks) in
order to be stable and repeatable with time and changing of
personnel. Its establishéd)engin@ering criteria and analytical
methodology are the basis and means of producing and documenting an
accountable and justifiable pavement presefyvation program.

Many States have not yet established or utilized the above criteria
for multi-year grioritization, Rather, they are prioritizing
projects solely ania Subjective, manual; and "worst first" basis.
The field offices need to promote and support major efforts by the
State highway agencies (SHA’s) to satisfy the intent of our
regulation on multi-year prioritization.

Life-Cycle Lost Analysis. “ The need and purpose for life-cycle cost
analysis is Strongly émphasized in ISTEA. The FHWA issued an

interim® policy statement on life-cycle cost on July 11, 1994,
This policy statement should be used by the field when evaluating
the(States’ 1i¥e-tyclie cost analysis procedures. Prioritization
and 1ife-cycle cost anziysis are the analytical basis for
demonstrating that the expenditure of Federal-aid funds are

Justifiabie and cost effective.

A StatéPMS must include a life-cycle cost analysis (that is
commensurate with the level of investment and types of preservation
treatments) for candidate projects in order to compare alternative
treatments and strategies to produce a cost effective preservation
program that satisfies the goals of the Agency. The life-cycle
cost analysis should be based on the performance prediction and
economic models used in multi-year prioritization. Life-cycle cost
analysis of specific project treatments should consider future
treatments required to maintain the pavement until reconstruction.
Life-cycle cost analysis of network-level strategies requires an
analysis period of at least one complete cycle in the life of the
network, which should be at least 35 years.

1.2.3



3. angitioh Survey Distresses. Pavement condition data are the

foundation for measuring and monitoring: the “health" of the
network; the current and predicted performance of pavements; and
the remaining service 1ife of the network. A PMS condition survey
bridges the "information gap" between general planning dé&ta and
detailed design data. Condition data are combined with perfarmance
data, life-cycle cost analysis, and priority factors to develdop the
multi-year list of prioritized projects. The type, extent, and
severity of the individual distresses are also used to détermine
viable preservation treatments.

The types of distresses that are measured in a pavement Condition
survey should be chosen on the basis that they Supportithe
‘decisions on where, when, and how to preserve the network. A
"sufficiency rating" (commonly used for planning pufposef) or a
single distress survey do not constitute @4 PMS cohdition| Survey.
The premise of using either one as a “"comon denominatgr® does not
provide the engineering detail needed in PMS’s.

4. Condition Survey Samples. “Ihe reliability of condition data is
crucial to the credibility of a,PMS. “The,least amount of error
will occur if 100 percent of the pavement 15 sampled. The
viability of sampling 100 percent is only possible when using
automated survey equipment, ‘such as the equipment that is currently
used to measure toughness, rutbing, and, faulting. In the absence
of automated equipment, SHA’s Customarily measure distress data
using an approximate 10 percent representative sample. That is, a
10 percent sample on each and every mile of the network. This may
somewhat increafe 01 decrease depending on the variability in
pavement condition.

Because of the expanded network coverage of ISTEA (i.e., a total of
936,000 centerline miles of Federal-aid highway), some SHA’s are
explofing cost cubting measures to reduce the added burden of
collecting pavement condition data. Generally, reducing the number
of distresses or reductng the sample size does not result in real
cost savingshbecause of the increased risk of errors in PMS.
However, SHA’S)can achieve real cost savings by reducing the
frequencypof the condition surveys. Condition surveys can be
conducted every 2 years instead of every year. Biennial surveys
shauld be supplemented with annual updates for newly improved
sections and when unexpected changes occur caused by either the
environment, loading, premature failures, or accelerated
deterioration.

While these fundamental criteria appiy to all Federal-aid highways, we want t
prevent unnecessary data collection and analysis bur@ens, so please re@znd PM
practitioners that the level of effort needed to do items 1, 2, and 3 is far
Jess for lower order roads than for the proposed National Highway System.
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NHS PMS SURVEY

‘Cuestion II(A) applies to both the NHS and Non-NHS)
I. ORGANIZATION
A

(V]

tate

B. FHWA Region
C. tate Staffing Resources

The following staffing information pértains only t0 the staff at the central
office. 1t does not apply to district staff or field data coflection crews.

1. Does the SHA have a person who 1s designatéd as the Statéd § PMS Engineer-?
Yes. . No (If no. still provide a name.| dddress BmE€ for the point of
contact).

Name
Address

City ST Z1pcode Plusrour
Phone FAX

2. Does the PMS Engineer work full time on PMS? Yes No If part-2 e,
what percentage is_spentron PMS? Part-Time Percentage

3. Does the PMS [Engineer hage the full responsibility and authority to lszg -re
development. implémentation.| and operation of PMS? Yes No .

4. If NOghow is PMS managed?'

-

5. 0fthe PMS engineer has an assistant(s). staff. or in-house support: :rc¢-zate
gach positioniperson’s name). percent time spent on PMS, and a brmef descr-or-:on
Of thedr primary function(s). This pertains only to the central office and
exclddes comdition survey crews. (Add additional names on separate sheet.)

Name Percent Time Primary Function(s)

a.
b.
C

'PMS Engineer is the person who 1s 1n charge of leading and working on
developing. implementing. and operating the PMS on a day-to-day basis.

Revised 10/20/94
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D. Does the State have an active PMS committee(s) or group(s) that guide and update
the PMS?  Yes. No . Provide the positions(i.e. pav/ement design.
materials. etc.) of PMS committee(s) members on an attached sheet.

II. PMS DATABASE

A PMS Coverage

Federal-aid Highway Mileage (Centerline)

Covered Not Covered
NHS Non NHS NHS Non NES Total
e
State
‘Local

Toll Roads ‘

B. Inventory Data

-

es Undén Considering No
. Developmént In Future

Pavement type ~ :

2. Pavement width

3. Shoulder type

4. Shoulder width

5. Number of lanes

6. Layer thicknessés

7. Joint spacing

8. Load transfer

9. Subgrade classifigation

10. Mater1al¥ properties

11. Resilient moduius

12 wmlrainage

19, “Other, (specify)

L] kol |
NERRERERRRY
NRRERRNRERE

LEETTETTL L

11

C. Project HISLory 125 Under No
Development

1. Construction

2. Rehabilitation

3. Maintenance’

N
|

N

2"Maintenance” refers to preventive maintenance not corrective
maintenance. Corrective maintenance refers to pot hole repair. etc.

Revised 10/20.
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0. Condition Survey Yes Under Considering No  Egquipment
2 . Development  In Future
1de '

Rutting

Faulting
Cracking

Surtace rriction
NeTaork - 2vel
Cefiection

—
—
— ———
——
w————

ERRN
T

Sy U f= Gy

|
|
|
|

E. Distress Yes Under Considering NO
Development In Future
1. High speed windshield
survey at 30 to 55 mph. __
Low speed survey at
0 to 10 mph.
Combination of high
and low speed.
- 35mm f1im viewed at
a workstation.
Video tape viewed at
a workstation.
Distress Identification
Manual with pictorial
references used to
calibrate extent and
severity.
7. Fully automated.
Specify equipment:

(o) TN & & BN SO ¥S B AN

||
||

———
—(—

F. What 1s the frequency/ of conditign daté collection on the NHS?

G. How does the State collect. their condition data?
In House Contractar(egec: fy)

H. Tsaffic/Load Data -

11 \Does CheBMS database contin Yes Under  Considering No
Development In Future
a. 4 Annual ESAL's . — —_

6 EFarecast ESAL's _ _ _ —
¢ Cumulative ESAL’s . - —_ —_

2. Does \the PMS have an ESAL flow map that is route specific?
Yes Under Development Considering in Future No
[. Does the PMS provide IRI or PSR(circle one) to FHWA HQ for the HPMS sampie sites?

Yes Under Development No

——————

Revised 10/20/94
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J. Does the PMS have a relational database?

Yes UnQer Development No

K. How much work has been completed in developing the PMS database?
Development work would include: establishing data files. collecting data. loading
data. ariting application prcgrams for analysis. etc..

0-25% _ 25-50% _ 50-75% _ 75-100%
III. INVESTMENT ANALYSES

A Priomitization

1. Does the PMS office/unit produce a multi-year priofitized Tist of
recommended candidate projects(this is considefed 4 “first cut” Tist)?

Yes Under Development No

2. 'What method does the PMS use to Produce thépmulticyear prioritized 1ist of
projects? ‘

Yes Unden Considering No
Sub 3 Development  In Future
a. Subjective

b. Objective’
1. Priority Modéel

2. Incremental
Benefit Cast

3. Mafginal Cost
Effectiveness

Ay, Optimization -

Yes Under Considering No

Development In Future

Linear Programm:ng
Non-Linear Prcgramming
[nteger Programm:ng
Dynamic Programming
Other (Specify)

|11
1]

[T
m

[P eNgN e N

*"Subjective” indicates that the projects were prioritized by individuals
using only personal knowiedge of the roads.

‘"Objective" means that the projects were prioritized using a repeatable
analytical process.

Revised 10/20/94
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3. If the answer to'quest1on 2(b) 1s Yes or Under Development. who develo .
- software? In House Contractor(specify) P ‘ ped tne

4. Check the factors used to prioritize projects:

Yes Under Considering 4 No
Development In Future

Cistress
Rige
Traffic
Functional class
Skid
Structural adeguacy
Other (Specify)

LT
NERRN
NERRN
AR

W HDOOOw

B. Preservation Treatment
1. Does the PMS assign a preservation treatment to a candidatelproject?

Yes Under Development No .
2. If the answer to question 1 is Yespor UnderBevelopment. which groups of
treatments does the PMS cover?

Yes Under
Uevelopment
a. Reconstruction o
b. Rehabilitation
c. Maintenance’

No

3. 4Ahat method is uSed to assign anpreservation treatment to a
candidate project.
Yes Under Considering No
Development In Future

w—— am—— — ——

a. Subjective®
b. Objective’

I Matrix

2 Dedision tree

34 Cost Benefit

4 Optimzation Methoa
listed previously.

5-8B¢her (Specify)

|11

—— ——— ]
w— w—— e —
——— L a—

— me— wo— ———

*"Maintenance" refers to preven::ve maintenance not corrective
maintenance. Corrective maintenance refers to pothole repair. etc.

"Subjective” indicates that the projects were prioritized by individuals
using only personal knowledge of the roads.

“Objective" means that the projects were prioritized using a repeatable
analytical process.

Revised 10/20/94
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[f the answer to question 3(b) is Yes or Under Dévelopment. who developed t.

software? In House ~ Contractor(specify)

Does the PMS do a 1ife-cycle cost analysis for the recommended
preservation treatments?

Yes Under Cevelopment No

If the answer to guestion 5 15 Yes or Under Development. who deveboped the

suf*xare7 In House Contractor(specify)

Pavement Performance Monitoring and Projection

1.

Does the PMS monitor pavement performance?

Yes Under Development No

Check all the pavement indices used to monitor pavement p€rfonfiance:

Yes - Under Consigering ~ Na
" Development in Future

Ride & . .

Distress -

Combined Index

Cther (Specify)

| |

m o oo

Is load data (cumulative ESAL s) used to mon1tor pavement
performance? )

Yes Under Development Considering”in Future No

Does the PMS generatefpavement perfofmance cur?és?

Yes Under Development Cofisidering in Future No

Are the curveS developed for?

Yes Under Considering No
._Development In Future

Famihy of pavements
fach pavement

w— e——

—
— ee—— — cm—

Dees thd PMS manitor and predict performance using?
4 Yes Under Considering No
Development In Future
Markov fransition L
Semi -Markov Transition ___

Does the PMS monitor pavement performance using anpther method?
(specify).

1.2.10
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8. Does the PMS compute the Remaining Service Life of the
. network? '

Yes Under Development No

3. If the answer to question 8 is Yes or Under Development. who developed the
software? In House Contractor(specify)

IV. ENGINEERING ANALYSIS

A. s the performance data in the PMS database used to evaluate either the
accuracy. quality. or the cost effectiveness for:

Yes Under Considering No
, Developmendt In Future

New pavement design procedures :
Overiay design procedures
Rehabilitation techniques
Materials
Construction
Preventive maintenance
Mix designs
Other (Specify)

— e ——

Q0 N OYUY £ LU DD

V. PRODUCTS

A. Is the PMS's multi-year prioritized list of recommended projects used as input
n the development of therState s:
Yes Under No
Development
1. Pavement Praservation
Program

2. Statewide Transportation
Improvement Rrogram(STIP) ..

3. Transpertation Improvement
Program( FIR)

B. 1§ 6 PMS's multi-year prioritized 1ist(first cut) compared to the final
approved list of pavement preservation projects for reasonableness?

————— e——— —————

ves Under Development Considering in Future No

VI. UPDATE

Does the SHA annually evaluate and update the PMS relative to the agency's policies.
engineering criteria. practices. experience. and current information?

Yes Under Development No

Revised 10/20/94,
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Subject:

From:

To:

(A | Memorandum

US Departmernt
of Tansporation
Federal
Administration

INFORMATION: OIG Final Report on the  Oaw: Jyly 26, 19394
Audit of Cost Comparison of Asphalt
Versus Concrete Pavement

' “Reply to
Rodney E. Slater g Amn.ot: HMS<+11l
Administrator

The Honorable A. Mary Schiavo
Inspector General (JA-~1)

We have completed our review of the fihal report on/the Audit of
Cost Comparison of Asphalt Versus Concrete Pavement in Region 4.
Your transmittal memorandum requested that we reconsider our
nonconcurrences with your Jecommendations and provide specific
target dates and further clarification where we have agreed to
corrective actions.

our specific comments relative to sach recommendation are
contained in the attachmént to this memorandum. For
clarification, we have/included our responses to the draft
report, as well as & summary of the 0IG comments on those
responses in the attachment.

Our further revi@w of the report reveals a fundamental
philosophical difference in our approach to administering the
Federal-aid highway program. ' This difference is specifically
stated in the raport's synopsis, alluded to in the report itself,
and incorporated into many of the report's recommendations.

The philosophical difference is clearly articulated in the
statement ©n page iv which reads as follows: ", . .the
continu ' [

: " The report suggests
that the,FHWA needs to alter its operational relationship with
State/ highway agencies (SHA) and adopt, as we interpret it, a
strategy +hat is inconsistent with this Administration's approach
tollard customer service and minimizing mandates. We find this to
bé totally unacceptable and continue to nonconcur with that
premise and in all recommendations in the report that would lea
the FHWA in that direction. :

The FHWA's basic philosophy of “facilitating, rather than
pandating" is based upon the fact that the Federal-aid highway
program is a federally assisted State program. The FHWA must
administer it in that light. The Federal-aid highway program is
fundamentally a formula allocated program. With finite
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allocations, SHAsSs are independently under intense fiscal pressure
to assure the most efficient use of all highway dollars, whether
they are Federal, State, or local dollars.

The FHWA's fostering of a cooperative partnership approach has
served FHWA, the States, and the Nation well since its 1inception.
This partnership approach was strengthened by the passage of, the
Intermodal Surface Transportation Efficiency Act of 1591. The
FHWA continues to look toward bettering, not dismantling, this
relationship in the future.

In response to the specific recommendations céntained in the
report, among other things, we have attached specific
clarification and timetables for life-cycle | cost/@nalysais (LCCA)
and pavement design activities as you reguested{ The FHWA
believes that it is important to note that we have made
significant progress over the last few years in Both of these
areas.

In the area of LCCA, we have reviewed the recent 1993 American
Association of State Highway and Transportation Officials
(AASHTO) survey of SHA applications of LCCA, conducted an
FHWA/AASHTO symposium on LCCAnin Deceéember 1993, and plan to
publish an interim pBlicy/statenent on \LCCA. This policy
statement will include recommendations on minimum analysis
periods to be used and reéferences Office of Management and Budget
Circular A-94 for guidance .on the sglection of appropriate
discount rates. The @oal of this policy statement is to clearly
define the FHWA's(position on some of the more important
components of LCCA, including analysis period, discount rate, and
user costs. We {intend to publish this policy statement in early
sumner. : :

It is important to note that we are making significant progress
in this area and will be in a better position to further
determine our cburse as current efforts evolve.

The same iSntrue in the area of assuring high quality,
cost-efféctivehighway pavement design, construction,
mainterfance, and preservation. The new December 1993 Pavement
Managément System (PMS) requlation requires SHAsS to develop
comprehensive coordinated systems to effectively manage pavement
to address current and evolving long-term pavement needs. It
also broadens the pavement design reguirements to include an
analysis of the entire pavement structure {subgrade, subbase,
base, and pavement). The regulation specifically requires that
pavement design analysis consider life-cycle costs.

The FHWA intends to rewrite its Federal-Aid Policy Guide (FAPG)
on pavement design to better track with the recently revised PMS
regulation by the end of this calendar year. The revised FAFG,
in conjunction with the new PMS regulation, will provide
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significantly more definitive guidance on pavement design. As
noted in our earlier response, the FHWA agreed to direct its
regional pavement engineers to participate with the divisions in
pavement design and management reviews in each Stat® during the
next 2 years. Headquarters pavement engineers will participate
in at least one of these reviews per region.

Further, we continue to stand by our original posifion, as,stated
in our September 2 memorandum, that the audit repért does fnot
support a finding of a material internal control weakness.

We appreciate the opportunity to comment onfthishdraftyreport
concerning the Audit of Cost Comparison of Asphalt Versus
Concrete Pavement in Region 4.

2 Attachments
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New Jersey reported the performance of their experimental permeable base
pavement sections constructed in 1979-1980 at the 1988 Transportation
Research Board Meeting. Their initial observations/findings on the AC
sections were that the thinner secticons were performing as welldas the
thicker sections with rutting being about the same. On PCC pavement
sections, there was less deflection, no faulting or pumping, and
substantially reduced frost penétration.

Pennsylvania rated the performance of their experimental permeable base
sections constructed in 1980 much better than dense-graded aggregate base
sections. Based on the positive interim results of these_sections, a
permeable base layer between the PCC pavement and densé-graded, aggrégaté
subbase became the State standard in 1983.(3)

Rideability

A1l of the States indicated that the rideability of \permeabie base pavements
was no different than that on dense-graded Dases. "Ihis was substantiated in
California and North Carolina (asphaltgcement“€reated) and Michigan
(untreated). The rideability of some recently constructed PCC pavements in
these States had been measured using the“California and Rainhart
profilographs at 0-5 inches pergfiilen, In general, those States using a
stringline for both horizental /and vertical control had a substantially
better ride quality than those’ that did net. Also, those States that had
incentives/disincentives for rideability had projects with very good ride
quality.

Cost

gids for permeable base materials were generally found to have slightly
higher costs Per unit welght than the impermeable dense-graded materials they
replaced. Five ©OF the seven States that used an untreated permeable base
fgundathat they were slightly more costly per unit measure than conventijonal
dense-graded aggregate bases while two States. Iowa and Michigan, indicated
that \the unit Bests tOr their permeable base material were the same or
sometimes dess. ’

As expected, the treated permeable base materials were two to three times
more costly per unit measure than conventional dense-graded aggregate bases.
However, all three States that predominantly used treated permeable base
materiall found that the unit costs for it were about the same as those for
dense-graded AC base. In addition, all three noted that because of the
higher void content of the permeable material, the yield was 15-30 percent
higher than dense-graded AC. California found that asphalt cement treated
permeable base was generally less costly per unit measure than cement treated
base (CTB) and lean concrete base (LCB). The material unit costs were the
same or slightly more than asphalt concrete base but because of the large
void content the yield was 20 percent higher. Kentucky, which had used some
asphalt treated permeable base within the past year, also found that its
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(A Memorandum

US Department
of Transportahon

Federal
Administration

Suoiect  INFORMATION: Proposed Final Interstate care  SEP 20 ), 19G4
Maintenance Fund Transfer Policy

Repiy !0

From  Director, Office of Engineering At ot HNGA42
To  Regional Administrators

Attached is a copy of the FHWA’'s proposed final policy stdtement on Interstate
Maintenance Fund Transfers, which was published, in \the #ederal Reqister on
Friday, September 2. It addresses criteria rélating to the defisions on
adequate maintenance of the Interstate System for purposes.of the Interstate
Maintenance Program Transfer provisions of Title 23, United States Code,
Section 119(f)(1). It is a propbsed replacement ‘far the Interim Maintenance
:unth;aniggg Policy, published at 58 Federalnfegister 12229, on

arch 3, .

The proposed final policy statement would add safety and geometric criteria
not originally proposeh in the intenim policy, and modify the existing
criteria for pavements. Modifications to the pavement criteria would
change the IRI criteria from 240 cm/km (150 inches/mile) to 200 cm/km

(127 inches/mile), modify the faulting criteria to reflect a faulting rate
of 525 mm/km (33 inches/mile) for both plain and reinforced jointed concrete
pavements, and add/a surface friction related criteria.

We have reopened the docket and will be accepting written public comments
until NovembeF \1, 1994. We would appreciate it if FHWA field offices would
adhere to that date in submifting any comments. Please note, that until we
publish a‘final policy statement, the interim Interstate fund Transfer Policy,
published in the Federal Register on March 3, 1993, is still in effect and
governs Interstate Maintenance Fund Transfer requests.

The Pavefdient Divisibn continues to coordinate this effort for the Office of

Engineefing. 'Please direct any questions relating to this policy and/or its
impledentation Lo Mr. John Hallin. He can be reached at (202) 366-1323.

William A. Weseman

Attachment ,

N (t:ITE : The proposed ﬁnal policy statement proposes changes to agency policy and has been
published to gather Pubhc comment. Until the statement becomes final the interim policy
statement will prevail for transfer of interstate maintenance program funds.
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Federal Highway Aoministration
[FHWA Docket No. 83-10]

Transter of Interstate Maintenance
Program Funds

AGENCY: Federal Highway
Administration (FHWA). DOT.

ACTION: Proposed final policy statement:
requests for comments.

SUMMARY: This proposed final policy
statemnent sets forth the FHWA's policy
for sddressing the interstate
maintenance p funds transfer
provisions of 23 U.5.C. 119(1)(1). The
criteria for determining what constitutes
adequate meintenance, which are
included in this policy, are associated
with only the transfer of Interstate
Maintenance (IM) funds and are not
related to the State’s responsibility to
properly maintain projects ¢

with Federal-aid funds outlined in 23
U.S.C. 118, Maintsance.

DATES: Comunents must be received on
or before November 1, 1994,
ADORESSES: Submit writteisigned |
comments concerning this policy,
statement to FHWA Docket No, 93-10,
Federal Highway Administration, Room
4232, HCC~10, Office of the Chief . -
Counsal @00 Seventh Styedt, SW., .
Washifigtan, DC 20590, All comments
raceived will be available for > -
examination st the above address
betwean 8:30 a.m. and 330 p.m., at.,
Mouday through Friday, except Federal
holidaye. R -

John Hellin, Chipf, Pavament Design .
and Réhabilitation Branch, (202} 366~
1323, or Mas. Vivian Philbin, Attorney-
Advisor, Office of Chief Counsal,
Generail Law Branch, (202) 366-0780,
Féderal Highway Administration., 400
Saventh Street SW., Washington, DC
20590. _
SUPPLEMENTARY INFORIATION:
Background

Ouv March 3, 1993, the FHWA
published an interim policy statement .
on the transier of Interstate maintanance
program funds st 58 FR 12299, and
provided s 60-day public comment
period :vhh.wh closed on May 3, 1.993.A
bl o e P WA
reconsidered {ts initial position. Asa
result, the FHWA is proposing mﬁ
modify the psvement ronghness -
faulting criterie and to add additional
criteria that were-not proposed in the

interim .

A mf" 01‘:% Suts highway agencies
(SHAs) and the Highway User -
Federation for Safety and Mobility: . -
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(HUFSAM), a public interest group,
provided written commaeats to the
docket established for the intenm policy
statement.

The SHA comments ranged from
administrative type questions. such as
requests for clarification of
measurementprocedures and use of
existing pavement management system
data. to fundamental positions on the
individual indicatomand the specific
established criteria. Some SHAs
endarsed vagious portionaof the criteria
established. While others 166k exception
to part or all of the criteria.

The HUFSAM strongly endorsed the
interim poligy. It stressed the need to
asSiirdthat the [ntarstate Séstem be
maintainediat a very high level and
noted thiat, Tom its studies, nationwide,
the [nferstatediiaintenance funding
levéls are ingdequate.

Alter evaluating the comments
recaived, thé FITWA contirues to
balievethiat transfers of apportioned ™M
funds specifically earmarked for
Interstate maintenanca to other
designated programs should be-
permitted only when the Interstate
System routes are in a physical,
operational, and safe condition knd
perform at or near the leve! for which
they were designed, and constructed.
Because pavement and bridge activities
constitute the major cost items of IM
eligible activities, the interim policy

on pavement and bridge
conditfon indicators as the deternining
factors for eligibility to transfer IM
funds. Other essential elements,
necessary to maindain the physical and
operational integrity of the Interstate,
must also be considered in
transportation decisions. Rasponses to
the intarim policy, however, indicate a
concern that other esseatial elements
need not be considered in transfar
decisions. This was not the intent of the

- interim policy statement,

Section 101(a) of Titls 23 U.S.C.
defines “maintecance to mean the
pressrvation of the entire highwxy,
including surface, shoulders, rosdside.

devices as are necessary for its safa and
efficient utilization. As the IM program .
now provides the major resources for
rehabilitation, ing, and
mﬂuﬁmlamhnf:mmlhm
System. sxvxding the servics li
m);hmpwmandcuhm
highway safety on the system should
recsive first priovity for IM fund use. For
exampils, over 25 parcent of the projects
and spproximataly 10 percent of funds
from the IM program ars currently being
expendad on traffic and safety
improvement projects. The FHWA

F]
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supports a continued strong emphasis
on safety.

In a sampling of SHA pavement
management systems conducted during
the past vear, the FHWA found that the
pavement condition indicators :
established in the interim policy are
generallv collected and used by the
States in evaluating the condition of the
Interstate for their own management
purposes. While the data collection and
reporting procedures differ somewhat,
the fundamental indicators are
consistently used by the SHA's to
manage their Interstate pavements.

The proposed final policy includes
the original pavement and bridge
condition indicators established in the
interim policy and adds pavement
surface friction as a fourth pavement
condition indicator. However, the
roughness criteria has been modified
and the separate faulting criteria for
jointed plain and joint reinforced
concrete pavement (JPCP and JRCP) has
been replaced with & single criterion of
525 mm/km {33 inches/mile) for both
jointed pavement types.

In adgm'on to these interim factors,
this proposed final policy statement
adds criteria for the additional traffic
and safety related indicators of (1) safety
appurtenances, (2) traffic control
devices, and (3) geometric elements.
These indicators are equally critical to
the Interstate System which relies -
heavily on the availability of IM funds
for continued adequacy. Maintenance of
the Interstate System's operational as
well as physical characteristicsin a
satisfactory manner remains the first
priority for the use of these funds.

Comments Recsived

This section addresses specific SHA
comments organized around the criteria
established for each of theihdividual
condition indicators.

PavementRoughness

Three SHAS su ed that the
International Roy; index (IRI},
developed at the International, Road
Roughness t, is not the
appropriate easumOf nideability. The
FHWA recognizesihat IRI does have
some limitations. It does, howsever,
provide & common quantitative basis
with which to referénce the different
measures of roughness. Further, it is
currently collected by SHAs and
provided to FHWA under the Highway
Performance Monitoring System
{HPMS) submission requirements.
Although the FHWA is open to use of
improved pavement surface rideability
measures, until such time that improved
measures and equipment to measure
them are accepted and readily available

to SHA's, the FHWA will continue to
rely on [RI as the ride indicator.

our SHAS commented that the
specific IRI criteria of 240 cn/km (150
inches/mile) was too severe. The FHWA
disagrees. The selection of the 240 cm/
km upper limit criteria on pavement
roughness was directly tied to the
FHWA's desire to require Interstate
pavement to be in fair or better
condition. The interim policy noted that
initial IRI to pavement serviceability
rating 1 (PSR) conversion studies?
indicated a 240 cm/km IRI is equivalent
to a PSR range of 3.0 to 3.5. Pavements
within this range are classified as fair in
the FHWA's 1992 Highway Statistics”?
report. Subsequent additional analysis
of the IRI/PSR correlation indicates that
2 240 cm/km [RI mors accurately
reflects a much lower PSR range of 2.5
to 2.8 (pavements in this range are
classified as being in poor to medjocre
condition 4). Based on this further
analysis, the FHWA has established(an
upper limit of allowable IRI of 200 cx/
km (127/mile). This converts 10 a PSR
of between 2.8 and 3.2 which is more
consistent with@he FHWA's ori
objective that pavements be in fair'or
better condition .

Rutting

Rutting comments were limited to
déta collection difficulties and reflected
a dagree of uacertainty about what data
coliection equipment snd procedure
would be considered acceptable. No
commerts ware recsived cancerning the
appropristeness of the rutting indicator
or the established criteria. Therefore the
FHWA bhas retained 15 mm (5/8 inch) as
the upper allowabls limit of rutting.
Concerns related to data collection
ezuipmcm and procedures are
addressed under “Pavement Data -
Collectiof,” later in the preamble.

Faulting

The SHA comments on the faulting
criteria were split evenly; five SHAs

1 Tha PSR concept was developed at the 1958
Amsrican Associstion of State Highway Officiais
{AASHO) roed test 10 relats the pavement
sarviceability index (PSI), camputed from -
objeclively massured pavemant distress, with
subjective sarviceability ratings by panels of road
users.

3 Bashar Al-Omari and Miches! L Darter,

1, Trans 3
University of llincis st Urbana Champaign. Report
No. UILU-ENG-92~2013; September 1992. This
document is available for wspection in FHWA -
Dockst No. 93-10.

3FHWA, “Highway Statistics 1992, FHWA-PL~
93-023. A copy of this document is availabile for
Inspection in FHWA Dockat No. 93-T0.

<fid.

S bid,
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H
thought that the fauiting criteria were
too restrictive, while five SHAs
commented that the criteria were
acceptable. In addition. the HUFSAM
found the criteria acceptable.

One SHA recommended simplifying
the policy by replacing the separate
faulting criteria for jointed plain and *
jointed reinforcedfconcrete pavement
(JPCP and JRCP) witha single faulting
criterion in mm/km {inkhes/mile} for
both pavement types.'A mm/km based
criteria would elimifiate theneed to take
joint frequency ifita account, as the
average allowabls faulting per joint
would be directiv related to the number
of joints/mile. The FHWA recognizes
the merit in this recommendation and
bas replaced the separats faulting
cfitenia of 3 mmon JPCPand 6 mm on
JRCP with@n equivalent maximum
faultingfate of 525 tnm/km (33 inches/
ile)dor both. This faulting rate is
equivaient to 3 mim per joint on typical

- JPCE with 6 méter (20 foot) joint spacing

and 6 mm perjoint on JRCP with 12
meter (40 foot) joint spacing. Because
joint spacing varies between States, the-
allowable faulting per joint will differ
f1om State to State, even though the
faulting rate per ki remains constant.

Administrative—Procedural Tolerang
Limits '

The most common comment, recis.
from seven SHAs, was that the scope of
the application of the criteria was too
stringent. The crux of the argument was.
that some tolerance limit should be
established to allow a SHA in
substantial compliance to transfer
funds. A common suggestion was that
the FHWA only require that 90 to 95
percent of the Interstate System meet
the criteria before allowing transfer.

The FHWA recognizes that there are

‘continually evolving pavement and

bridge needs and, at any one point in
time, even SHAs with exceptionally- .
good pavements might not meet the
criteria on 100 percent of their Interstate
system. The FHWA has already
provided relief for this situation. The
interim policy specifically allows
transfer when all criteria are not met on
the Interstate if the work necessary to -
correct any deficient segments is
included in the approved Sta~»
Transportation Improvemen: ~ro

gram,
. required by 23 U.S.C. 135(f). This relief

is included in the final policv. The
FHWA belioves that allowing a 510 10
percent exemption or tolerance wou”’
be unwise, as it would allow transfy
money necessary to maintain the
Interstate highway system.

»
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Pavement Data Coliection

Several SHAs posed comments and
questions on data collection and
reporing procedures. The primary
concern appeared to be whether FHWA |
would require a specific data collection
effort using some standardized
equipment and procedures that would
pe different from what is currently used
by the individual SHAs. Further, the
comments included request for
flexdbility in summarizing the data.
Several suggested that FHWA should
use whatever SHA PMS data was
available to determine the acceptability
of a certification accompanying a
transfer request.

The FHWA intends to rely primarily
on curreat surface roughness, rutting,
and faulting information contained in
SHAs PMS database(s) and from
information reported in HPMS in
evaluating the pavement component of
State certifications accompanying
Interstate maintenance fund transfer
requests.

The FHWA izes the uniqueness
of each SHA's PMS and the diversity of
equipment and procedures used by the
SHAS to meet their particular pavement
management needs. The FHWA is not
prescribing new specific uniform data
collection equipment, procedures,
sampling, or data reduction techniques
" to determine compliance with the .
pavement Interstate maintenance
transfer criteria.

Bridges .

Only two SHA's commented on the
bridge section of the policy. Both
endorsed the use of the current National
Bridge Inventory (NBI) bridge dack
condition rating (Item 58) as@n
indicator and supported the criteria
requiremnent that bridge decks have a
condition rating of § or better. This is
consistent with the long standing use of
a deckratin@of less than 5 to determine
a structuraily deficient bridge.

Both States also mcoiimanded that
FHWA include the NEY ratingsfor
supemrum m‘:ﬁi \batruciuie in'the -

olicy and deletethi Toad .-
fectxiremont conuigfdjﬁ;ge interim

olicy. >
P The FHWA ‘originally considered ™
using superstructire and substructure -
ratings as specific criteria when it
initially developed the interim policy. -
Upon further consideration. FHWA still
supports “load posting” criterton which
reflects superstructure and substructire
condition ratings and is also a measure
of potential safety concern.

The need for load posting is an end

result of applving superstructure and
substructure conditions, along with

other factors. in making load carrving
capacity calculations. Changes in
condition ratings, and therefore, the
load posting, are affected by a reduced
maintenance effort which eventually
leads to continual and long-term
deterioration of bridge elements.

One of the SHASs further
recommended that the FHWA
incorporate failure susceptibility as an
indicator. Failure susceptibility is not
required nor normally assessed by
States in the course of inspecting
bridges to meet national bridge
inspection standards. As a result, the
FHWA believes it would be
inappropriate to use failure
susceptibility as a nationwide criterion
in the IM fund transfer policy, and has
not included it.

Finally, one SHA recommended that
bridge railing adequacy should be
included in the decision factors. Thé
FHWA considered including bridge
railing adequacy as indicated by NBi
Items 36 in the early development of
policy criteria. The NBI Itam 36 is a four
segment item that rates bridgerailings
for adequate impact strength, and
approach guardrsil for adequate vehicle
safety and protection. .

The adequacy of bridge railings and
approach gulrdrailis a serious safety
concern dnd should be considered i
the Statés’ maintenancs program as well
as in developing highway safety
projects. - - : , .
Bridge Data Collection

The NBI'ratings are determined in -
accordares with thie “Recording and”
Coding Gizide for the Structure )
Inventory and Appraisal of the Nation’s
Bridges” {Coding Guide) U.S. DOT/
FHWA, December 1988.

- Policy

For the purpose of 23 U.S.C. 118{f)(1),
which provides for transfer of State
apportioned IM funds that are in excess
of a State's need to the State's NHS and
STP apportionment. the FHWA will
accept a State's certification if the
State’s Interstate routes meet the
following criteria:

Pavement:

(1) An IRI of 200 cm per kin (127 inched
per mile} or less:

(2) Ruttizrg of 15 mm (S/8 inch) or less on
flexible pavernents: ‘ :

(3) Cumuladve fsuiting of 525 mm perkm
(33 inches/mile) or less on jointed rigid -
pavements; and : a

(4) Surfaces have sdequate surface fiction .

and drainage, based on the State accidents
record systemn uot identifying any locations
with & high incidence of wet weather
accidents.

1.4.5

Bridges:

(1} Bridge decks in “fair condition” or
better (Coding Guide item 38 rated 5 or
better): and

{2) No load posting required {Coding Guide
iterm 70 rated 5). :

Safety Appurtenances:

Guardrail, bridige rabls. safety barmers, and
other safety featuresincliuding the upstream
ends of all traific barriers mieer (a) the
performance criteriamfizd CFR625. (b}
acceptable use watrants. and (¢) installation
requirements per State standard plans.

Traffic Control Devices:

All major guide, reguiatory. and svarning
signsifieet the minimumsize. shdpe. color, .
fotmat. and message requirements as well as
the day and fight legibility and visibility
requiremeiits of theMUTCD and
amendsfients.

Geometric Elements:

(Y} The horiZontal and vertical alignment,
and widths o median, traveled way, and
shoulders mest the AASHTO Intersate
Stapdards, as incorporsted in 23 CFR 625, in
effect sither at the time of originalwe '
construction, major reconstruction: br
inclusion into the Interstate systemwhich -
ever was the latest: and. N :

(2) Hazardous features (fixed objects. steep
sideslopes, etc.} within the clear zone are-
either eliminated, corrected, or adequately

 shielded.

In the event that the condition, as
reflected by current databasas, does. not
meet the required criteria, forany.
segient of [nterstafe, the State's request
for funding transfer may.notbe
approved unless the State certifies that
the deficient segments have either been
subsequently upgraded to meet the
required criteria or that the work
necessary to correct any such deficient
segments is included in the approved
State Transportation Improvement
Program, required by 23 U.S.C. 135(f).

Section 119(f)(2) of Title 23, U.S.C.,
allows the States to transfer up to 20
percent of the apportioned M funds to
the NHS and STP apportionment based
solely on the request of the States.

(23 U.S.C. 119 and 315: 49 CFR 1.48(b))
Issued on: August 29, 1994.

Rodney E. Slater, '

Federal Highway Administrator: ‘

[FR Doc: 9421792 Filed 9~1-94; 8:45 ami

BILLING CODE 401023 ' :
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. NOTE : Theproposed final policy statement
proposes changes 10 agency policy and has
been published to gather public comment.
Until the statement becomes final the interim
policy statemnent will prevail for transfer of
interstate maintenance program funds.

Federal Highway Administration
(FHWA Docket No. $3-10)

Transfer of Interstats Maintenance
Program Funds

AGENCY: Federal Highway
Administration (FHEA), DOT.

ACTION: Interim policy statament.

SUMMARY: This interim policy statement
establishes the FHWA's policy for
addressing the interstate maintenance
program funds transfer provisions of
section 119(f)(3) of title 23, United
States Code (U.S.C.), which was
amended by Section 1009 of the
Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991. By
publishing this interim policy statement
the FHWA sooks 10 advise States of the
criteria the agency will use in evaluating
a State's request 10 transfer interstate
~ vintenancs funds, while providing thé
ortunity for public comment prior to
Jing 8 final policy statement.
DATES: Comments must be received on
or before May 3, 1993,
ADORESSES: Submit written, signed
commaents conceming this policy
statemnent to FHWA Docket No. 93<10,
Federal Highway Administration, room
4232, HCC-10, Office of theiChief
&ml' 400 s“.uth SMI SW-o
Washington, DC 20530, All comments
received will be available for
examination at the above address
betwéen 8:30 a.m. and 3:30 p.m. e.t.,
Mdnday thiough Friday, except legal
Federal holidays
FOR FURTHER INFCRMATION CONTACT: M.
Louis Papet, Chief; Pavement Diyision,
(202) 366~132440r Mrs. Vivian Philbin,
Attorney Advisor, Office of Cidaf
Counsel, General Law Branch4802)
366~0780, Faderal Highway

Administration, 400 Seventh Street SW., on

Washington DC 20590.
SUPPLEMENTARY INFORMATION:

Background
Section 1009 of the ISTEA amended
23 U.S.C. 119 by replacing “Interstate
Svstermn resurfacing’” with the “Interstate
ntenancs program” (IM) Public Law
102+240, section 1009, 108 Stat,
<114, 1833, Section 1009 also
established additicnal constraints

affecting the States’ options far
transferriog a partion of these funds to
the States’ apportionments for other
Federal-aid programs.

Section 119(/H1), as amended, allows
the transfer of IM funds to other
Federal-aid highway programs provided
the State certifies to the Secretary that:
{1) Any part of the IM funds are in
excess of the needs of the State for
resurfacing, restoring, or rehabilitating
Interstate System routes and (2) that it
is adequately maintaining the Interstate
System, and the Secretary accepts such
certification. Notwithstanding section
119(f)(1), section 119((f){2), as amended,
allows the States to “unconditionally”
transfer up to 20 percent of unobligated
IM apportioned funda based solely on
the request of the States. ‘

Further, saction 1009(c)(2) of the
ISTEA requires the Secretary to dévelop «
and make available to the States criteria
for determining what constitutes
adequate maintenance of the Interstats
System far tha purposes of section
119(N(1) of Utle 23, Udited States Code.
The criteria for determining what
constitutes adequsi® maintenancs,
which are included in'this policy, ure
associated with only the transfar of IM
funds m;i ﬁm not relate;! tothe fim“
responsibility 10 properly maintain

mm cona):mcudp:ith Federal-aid
ds outlined in 23 U.S.C. 118,
Maintenance. ‘

In devaloping the specific criteria, th
FHWA Geliaves that transfers of
spportioned IM funds specifically
nmum dhd for .l:msmn msigoumld o(:] to
other desi programs shou y
be mowmm the Interstate System
routes are in a physical condition to
petfofin st or near the level for which
thisy were designed and intended.

Pevemant and bridge ectivities
constitute the majority of IM eligible
sctivities. The FHWA has focused on
pavement and bridge condition
indicators as determining fectors for .
sligibility to transfer IM funds.

The FHWA has selected Inturstate
pavement condition indicators {surface
roughnau. rutting, and faulting) and
bridge condition indicators (bridge deck

gi‘tiou and the need for load posting)
for evaluating State's requests to transfer
IM funds under the provisions of 23
U.S.C. 119(f){1), These indicatars are
collected and used by the States in
evaluating the condition of the Interstate

" for their own management purposes.

They are generaily incorporated into
State pavement and bridge management
systems and the nstional bridge
inventary and highway

moaitoring system.

1.4.7

Pavement Condition Indicators
Roughness

The FHWA will use the International
Roughnass Index {IR]) to svaluate
roadway roughness, and has set an
upper IR limit of 240 cmm per ki (150
inches per mile) for surface roughness.

The &J wids daveloped at the
International Koad Roughness
Experiment sponsored by the World -
Bank and seversl,countnes, including
the United Stdtes, in Brazil in 1982. It
is designed Ao provide a common
quantitativg basis with which to
reference the different measures of
roughness. It summarizas the
longitudinal surface profiledin the wheel
track and Simulates therdsponse of one
wheel of a typical passanger car
travelirig 80 kmiper hour (50 miles per
hour] 16 road foughness.

The IRI uppar limit of 240 cm per km,
salected by the FHWA, is based on
considsration of research efforts that
relate actusl roadways with a known IR]
with the public’'s parception of ride
a;nlity. A recent study ! conducted for

s FHWA indicated that objectively .
developed IR! numbers could be :
mathematically correlated with ¢
subjectively developed pavement
serviceability ratings 3 (PSR) generated
by panels of road users. This work
included mathematical formulas that
allow conversions batwean IRI readings
and anticipated road user evaluation of
pavement performance (i.e., PSR).

Conversion farmuias? indicate that an
IRI of 240 cm per km correlates to ¢ PSR

of betwean 3.0 and 3.5, which is
ugdy greater than the 2.5 to 3.0 PSR
range associated with terminal
serviceability for Interstate highway
pavements.*

s Bashar Al-Omari and Michasl 1. Darter,
“Reletionships betwesa LRI and PSR: A Repart of
the Findings of Pavernent Model Enhancemants for
the Highwyy Performance Monitoring System
{HPMS)." Transvonistion Enginewring Serias No. 89,
Unijversity of lilinois st Urbana Chaxapaign, Repart
No. UILU-ENG-92~201), Septenber 1982. This
document is aveilable for inspection ln FHWA
Docket No. $3~10.

3The PSR concept was devsioped at the 1938
Amertcan Association of State bighwey Officiais
mlmdmumxrlhc puu;:
sarviceabiiity index (PST), compuied
objectivaly messured pavement distress, with
subjective servicaability ratings by punals of rosd
users.

? inciudes conversion formuias developed
tnhouse by the State of Madne, for Us Somth
Carolina pavement management 1ystam by PMS
ne. and the previcusly mantianed Al-Omari snd
Darter resammch: cited in footaote Na. 1,

*The “"AASHTO Guide for Design of Pavernent
Structures”, AASHTO, 1988 (page I~4) defines
torminal serviceabillty index s the lowest
scceptable level before restriacing or reconstructica
becornes necessary for the particular class of tat
. ‘The AASHTO Guide o (o note
highwey. »a
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Rutting

The FHWA has established 15 mm (%4
inch) as the upper silowable limit of
rutting.

The American Association of State
Highway and Transportation Officials
{AASHTO) Highway Subcommittee on
Construction surveyed State highway
agencies in 1988 on rutting. The surve
revealed that for State maintsined roads.
v inch ruting would initiate
rehabilitation i1 about 35 percent of the
States. An additional 35 percent of the
States indicated that % inch of rutting
would initiate rehabilitation. The
“"Highway Pavement Distress
Identification Manual” (HPDDM}*
classifies & to 1 inch of rutting as
moderate severity.

The FHWA 15 mm (% inch) criterion
is consistent with the petformance
levels expected on the [nterstate System.

Faulting

The FHWA has established two levels
of faulting criteria that are related to
pavement type. The FHWA has
sstablished an upper limit on faulting of
3 mm {% inch) on jointed plain concrete
pavements (JPCP). and an upper limit
on faulting of 6 mm (Va inch] on jointed
reinforced concrste pavements (JRCP).

Generaily, State highway agencies
consider faulting to be objectionable in
the ¥a to Y4 inch range. The HPDIM
classifies faulting between Via and ¥s
inch as moderats severity. The
“Pavement and Shoulder Maintenancs
Parformance Guides,” August 1984,
FHWA publication number TS-84-208,
indicates fauiting should be repaired at
%a inch. A copy of TS-84—-208 is
available for inspection in FHWA
Dockst No. 93~10.

The FHWA selected s lower level of
faulting for [PCP than for JRCP becausd
JPCP joints occur more frequently. The
levels selected are consistent with the
higher sxpectation the traveling public
associates with [nterstate higliways.

Pavement Data

Procedures for developing IRI are
currently well defined in the guidance
providédiin the “Highway Periprmance
Menitoriag Syster (HPMS) Fleld
Manual® Appendixi]“Roughness
Equipment, Calibration efid Data
Collection.” This document is widsly
availabie\inl planning sections of State

servicoaliillty (Bdax of 2.5 10 3.0 1s often
suggwted for uas 1o Uis design of maor highways.
A copy of this publichtion is available for
inspections in FHWA Dockst No. $3-10.

* Tha “Highway Faviment Distress IdestiBention
Manual”, US DOT/FHWA, DOT-FH-11-8178/
NCHRP 1«19, Masrch. 1979 reprinted Fobruary 1904
This Publicstion is aviiable ior inspection ia
FHWA Dockm No. 9310,

highway agencies and the FHWA
division offices and a copy of this
publication is available &- inspection in
FHWA Dockst No. 83-10. [RI data are
collected annually and reported to the
FHWA under the HPMS program.

The FHWA pavement policy, (23 CFR
part 626) requires each State to have an
operaticnsl pavement management.
system (PMS) for principal arterials
{which includes the Interstate system)
in place by January 13, 1993.

he FHWA envisions that the States
will assemble necessary pavement
surface roughness, rutting, and faulting
information from data cusrently
available in the States’ PMS database(s)
and from information reported in

HPMS. :

The FHWA division offices will work
with the States in identifying accaptable
procedures for measuring and compiling
the data available from the States’ PMS.
Data supporting sach State’s IM transfer
request will be made available for
inspection by the FHWA. '

Bridge Condition Indicators

The FHWA will use the current {
national bridge inventory (NB!) bridge .
deck condition rating (item 58} and the
rating indicating whether the bridge -
requires load podting (item 20) a8, .
indicators of Interstate bridgs condition
for purposes of evaluating States’ ™
requests for IM transfer. Tha NBI ratings
ars determined in accordanes with the
“"Recording and Coding Guide fon the
Sttucture [nvéntory and Appraisal of the
Nation's Bridges” (Cading Guidej US
DOT/FHWA, December 1388, A copy of
this publication is available for. - .,
inspection in FHWA Dockst N\ 83-10.
Bridge Decks :

The FHWA will require that bridge
decks have a condition rating {item 58}
of S or betterl

Bridge decks are rated in item 38 on
a scale of 0 {0 9 with a rating of §
representing & bridge deck in excellent
conditiond A Coding Guide deck rating
of less than's indicates a poor condition
with the deck showing deterioration and
spalling. In relation to pavement
roughness, & deck with s rating less than
$ is considared s rough deck that would
not provide s ressonably smooth ride. A
deck rating of less than 5 is & long-
standing condition rating used to
determine & structursily deficient
bridge.

Posting

The FHWA will require that NB[ item

70, for load posting, must be a rating of

5.
The National Bridge Inspection
Standards (23 CFR part 850, subpart C)

148

require the posting of load Lmits only
if the maximum legal load in & Stata
produces stresses in excess of the
operating stress levels. The operating
stress level will result from the absciute
maximum permissible load to which a
bridge may be subjected. Coding Cuids
item 70 of the NBI is the item for bridge
posting, and a State's rating of §
indicates that no posting is required at
the operating level.

Load posting of a britige reduces the
lavel of service of the systém of which
the bridge is an integral part and can
potentiaily disrupt interstate and
intrastate commercs. Hoa¥y vahicies
may be required to taks long detour
routes thereby indirpctly adding to the
costs the public must bear for goods and
sarvices. Load posting of s bridge may
aiso be an indicator of 8 bridge's
superstructurmor substructure capacity
that ma¥ have beenaffected BY y
contifiual and long term detericration of
the bridge’s elefents and which could
have baen prévented &r abated by
adaduate preventive maintenanca.

Policy . . - ‘ N
For the purpoes of 23 U.S.C. 118(0(1),
which provides {or transfer of IM funds

apportioned to the States, the FHWA
will sccept a State’s certification if the
State's interstate routes meet the

{ollowing criteria: - . Coh
Psvement : _ ’

. (1) An IRl of 240 cm per km (150

inches per mile) or less;

(2) Rutting of 15 mm (%/8 inch)} or
less; and .
“(3) Faulting of 3 mm 27 :nch} or less -
onfPCPand 6 mm (3/4:. :iorlesson
JRCP, ‘ .

Bridges
(1) Bridge decks in ‘" - dition” or
batter {Coding Guide it~ sted 5 or
better); and ‘
{2) No load posting re: . - Coding
Guide itsm 70 rated Sk

In the svent that the cc :.ion, as
reflected by current cond:iuon data
bases, for any ont of Interstate
pavement or bridge does not mest the
required criteria, the State’s request for
funding transfer may later be approved
only if the State certifies that the
deficient segments have been
subsequently upgraded to meet the
required cTiteria or that the work
necessary to correct any such deficient
segments is included in the approved
State Transportation Improvement
Program, requirsd by 23 U.S.C. 135(f.

Section 119{f}{2) of title 23 U.S.C.
allows the States to "unconditiopaily”
transfer up to 20 percent of unoblizated

M apportoned funds based solely on
the request of the States. .
Autbority: 23 U.S.C. 119 and 313; 49 'R

1.48(0).

1ssued ou: Pebruary 24, 1993,
E. Dean Carisom.
Executive Director, Federal Highway
Administraton.
[FR Doc. 93-4309 Filed 3~2-92: 8:45 amj
BLLING CODE @10-32-4
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) | Memorandum

US Deparment
of ransporicton
Federal Highway
Administration
i Q
Subject  Technical Paper 89-001 - Tire Pressure Date A 5 108¢
. . Reply to
From  (hjef, Pavement Division Attn of  HHO-11

Washington, D.C. 20590

To Regional Federal Highway Administrators
Direct Federal Program Administrator

The effects of increased tire pressure on pavément' pérformance has been a
topic of considerable discussion during the past several vedrs. The attached
“"Technical Paper" is issued to provide FHWA field engineers with the latest
information on trends in tire préssuresghand tire pressure effects on pavement
performance. The paper's format consists ofya series of questions and answers
to the most cammonly asked question§ on this Subject.

Two copies of the paper are attashed for your use and handling. Please make
distribution to the digision@®fIices following your normal distribution
process. ,

Additional information on the effects of tire pressure on pavement performance
may be obtained by coftagbing the Pavement Division, Pavement Management
Branch at FTS 366-1837.
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The purpose of this technical paper is to provide pavement specialists with
the latest information regarding trends in tire pressures and thé effects of
increased tire pressure on pavement performance. The format consists of
questions and answers to four of the most camonly asked questions by pavement
engineers.

1.

Has there been an increase in tire inflation pressure since the AASHO Road
Test?

Cold inflation pressures for tires used at the AASHO Road Test canducted
between 1958 and 1960, were 75 psi for the 7.5 to/ll-incH Cires and 80 psi
for the 12-inch bias ply tires. The tire pressures aré recamended cold
inflation pressures for specified wheel loads| ranging fram about 3000
pounds for the 7.5-inch tires to about 6800 pounds for,a 12400x24-inch
tire. Hot tire pressures were typically 9 to 20 psi higher than the cold
pressures and averaged ll psi hi@her. diot tire pressures for the heavier
wheel loads would therefore have averaged about 85 to 90 psi although
pressures from 23 to 130 psi were réported. It was noted at the Road Test
that tire pressures increased gradually,with truck operation but
stabilized after 90 minutes.

A 1987 nationwide tire presgure survey cooperatively done by the FHWA and
State motor carrier safety Organizations, showed that 81 percent of the
5040 hot tire pressures measured fell in the range of 85 to 115 psi.
While the size and typ@ of tire was not recorded in this survey, it is
estimated that 70 percent of the tires were radials. Contact with tire
manufacturers indicate that 75 perdent of all truck tires now sold are
steel-belted radials with recammended cold inflation pressures of 95 to
100 psi.

Tire pressure surveys done in Canada, Florida, Illinois, Kentucky,
New Mexico, and\Oregon, in 1985 and 1986, involving more than 4000 trucks
showed average hobk radial tire pressures of between 96 and 107 psi.

1t should be hoted that radial tire pressures are approximately 5 psi
higber £5han bias ply tire pressures for the same wheel load. While radial
tires(flex more during operation, less heat is generated due to their
radial ply construction. To coampensate for the lower operating
temperature of radial tires, manufacturers recommend higher inflation
pressure which reduces tire deflection, and equalizes the footprint
between radials and bias ply tires.

The Wisconsin Department of Transportation did a detailed survey of 6780
truck tires in 1987 that showed 93 percent of hot tire pressures fell
between 85 and 115 psi. The average hot tire pressure was about 100 psi.
Wisconsin found that 12 percent of tractor semitrailer tires were
overinflated and 14 percent vere underinflated. In the national survey
sponsored by FHWA, 1l percent were overinflated and 19 percent were
underinflated. Over- and underinflation were defined as plus or minus
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10 psi with respect to the tire manufacturer's recommended inflation
pressure. Fram this information, it does not appear that truck drivers
are intentionally overinflating their tires.

The most cammon tire size reported in the Wisconsin survey was an ll-inch
tire on a 24.5-inch rim followed by an ll-inch tire on a 22.5-inc¢hhrim.

The Tire and Rim Association publishes recammended tire sizés and maximum
cold inflation pressures for various tire loads. A camparisen of
recamended tire pressures for the years 1930, 1969, and 1985 \show only
modest increases in inflation pressure for given loads.. For example, /the
recamended tire pressure for a 10-inch tire to carfy 4000 pounds I8

65 psi for all 3 years. The recomnended tire pregsure fof a ll-inch tire
to carry 5000 pounds was 70 psi in 1930, and 80 psi in 4969 4nd 1985. For
a 6000-pound load on a l2-inch tire, the recommended dnflaticn pressure
was 80 psi in 1930 and 90 psi in 1969 and 1985.

The 1974 Highway Act raised the single axle maximum weight limit from
18,000 pounds to 20,000 pounds, the tandém axle weight limit from 32,000
pounds to 34,000 pounds, and established a makimum gross weight limit of
80,000 pounds. These incCreases in allowable weight limits have resulted
in gradually increasing truck weights and 18,000-pound equivalent single
axle loads. For example, on&he rural Tnterstate System, the average
numper of equivalent ‘Sihglelaxle loads has been increasing about 7 percent
per year, between 1970 and (1985. A recent study by Texas AsM University
entitled "Improved Prediction of EAL"™ Shggests that this increase is due
to use of larger trucks rathér than an increase in truck loads.

In conclusion, tife pressures for \given load rated tires have not changed
much over the last 50 years{ \Due to the increase in load being carried
and the use of radial tires, fleet tire pressures have increased about

10 to 20 psi wnen compared to tire pressures at the AASHO Road Test.

Does an increase in tire preséure accelerate pavement deterioration?

Thefe,are six recent studies that suggest flexible pavement deterioration
is accelérated by increased tire pressure. This is especially true for
thin pavenents, i.e., AC surface course 1 to 3 inches in thickness.

The six studies were done at the Universities of Kentucky, Munich, Texas,
andaterloo (Canada), and at the Massachusetts Institute of Technology
and Texas AsM University. These studies are summarized in NCHRP 1-25,
"Effects of Heavy Vehicle Characteristics on Pavement Response and
Performance.” Brief extracts from the six studies are as follows:

Kentucky: A distress model was developed to predict loads to fatigue
failure. It was determined that the load equivalency factor increased
rapidly with increasing tire contact pressure and decreasing pavement
thickness. Damage at 120 psi was 5.5 times greater than at 75 psi for
thin AC pavements.
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Munich: Rutting rate versus tire pressure for single and dual tires was
studied. Rut depth doubled when tire pressure was increased from 100 to
130 psi.

Texas: Strain increased significantly in 1-2" AC pavements as tire
pressure was increased from 75 to 110 psi. The increase in tire pressure
resulted in a 25 percent decrease in pavement life.

Waterloo: An increase in tire pressure fram 60 to 120 psi increased
strain in the AC surface course and top of the subgrade causing fatigue
cracking. A seven fold increase in rut formation was predicted for thé
same increase in tire pressure.

MIT: Damage at 125 psi is more than two times greater than tiie damage at
75 psi for 1-3" AC pavements. The time to rutting faidure was reduced by
30 percent, and surface rutting increased 300 percent for a tire pressure
increase fram 75 to 125 psi.

Texas AsM: There was a 50 percent) decr@ise in fatigue life of a 2-inch AC
pavement over 8 inches of aggregate hase whefihthe tire pressure was
increased from 75 to 125 psi. The h:.gher tire pressure substantially
increased the rate of fatique cracking in the thin AC surface.

It should be erphasizefl that/the above results are for thin AC pavements
(1-3 inches of AC) and are based on @amputer models and not on field

surveys.

At the FHWA's acceler@tedyloading facility (ALF) in Virginia, the effects
of tire pressure were evaluated om a flexible pavement consisting of

2 inch-- . oI asphalf concretegiearing course, 5 inches of asphalt concrete
binder course amnr’ (12 inches of crushed aggregate base course constructed
on an AASHTO (A-4 culgrade. Tire pressures of 76 and 140 psi and both
radial andgias ply tires wére used in the study. A second variable in
the study was dual wheel load set at 9400 and 19,000 pounds. Surface
geflection and Strain and tensile strain at the bottam of the AC layer
Were measured.

Results show that doubling the load fram 9400 pounds to 19,000 pounds on
this thick pavement section increased predicted pavement ¢=-mage by 1000
percefit, while doubling the tire pressure increased predicted damage by
only 20 percent. It was quite cbvious that for this pavement section
increasing wheel load affected the pavement considerably more than
increasing tire pressure. Predicted pavement damage was in terms of
fatigue equivalency factor developed using an exponential relaticnship
between the number of cycles to failure and the magnitude of the tensile
strain at the bottom of the asphalt layer.

while it is safe to say that wheel loads affect the pavement considerably

more than tire pressures, care should be exercised in making judgments
about the effect of load and tire pressures on real trafficked pavement
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sections. The ALF does not duplicate actual truck wheel loads in that ALF
does not have a suspension system egquivalent to a truck suspension system.
Loads are also not applied to the pavement in the same manner as under
actual hignway conditions.

One other finding of interest related to tire pressure is fram an
Australian study as summarized in NCHRP 1-25. It was found that dynamic
load induced by the drive wheels of a tractor semitrailer tryck decreased
with an increase in tire pressure. Tire pressure did not, howsver, affect
dynamic load induced by the trailer wheels. This finding is @éntrary to a
study done by the Massachusetts Institute of Technologyswhich found that
an increase in tire pressure fraom 75 to 120 psi incréased the dynami€ load
coefficient from 0.12 to 0.14. Dynamic load coeffifient i€ defined as the
standard deviation of the dynamic load divided by the mean dyramic load.

What efforts have been made to assess tire pressure treénds anfl quantify
the impacts on flexible pavements?

The most significant effort to asseéss tiréipressure trends and to define
the extent of the tire pressure problem, was a l-day symposium held in the
spring of 1987 in Austin, Texas. The Symposium which was sponsored by
AASHTO and the FHWA was attended by 70 individuals representing the
highway, tire, and trucking industhies. Questions used to guide the
discussion included: THas, thére been an inCreéase in tire pressure since
the AASHO Road Test? Has increased tilre pressure accelerated pavement
damage? Is legislation nesded to regulate new tire and truck desigmns?

Is it time to accelerate our efforts to improve mix design? Should load
equivalency factors e increased?

Findings from the Symposium afe reflected in the answers to our first two
questions. ItgWas' generally agreed that the introduction of legislation
was not an appropriate course of action at this time to regulate new tire
and truck designs. Suchilegislation would also be very difficult and
costly to monitor and enfarce. A legislated solution to the effects of
Uire pressure should be a last resort approach.

Those 1n attendance thought that efforts to improve mix design should be
accelerated andithat load equivalency factors should be increased. It was
felt that better cammmication between segments of the transportation
industry and more research are needed to define the relationship between
vehicle characteristics and pavement deterioration.

The Second North American Conference on Managing Pavements was held in
Toranto, Canada November 2-6, 1987. At this conference papers were
presented an all aspects of pavement management including impacts of
trucks. Mr. Jack Friedenrich, Chairman of the AASHTO Task Force on High
Pressure Truck Tires, presented a paper summarizing the Task Force's work
to date. In addition to discussing trends in truck tire design and
inflation pressure, Mr. Friedenrich outlined the pavement problems
resulting fram higher tire pressures and discussed an approach and needed
research to solve these problems.
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Tire pressure and related pavement problems are not solely those of
increased rate of pavement detericration. The AASHTO pavement design
equations are based on a set of assumptions including the assumption that
today's tire pressures are the same as those at the Road Tests Because we
have shown that today's tire pressures are higher and because Other
assunpticns about enviromment, roadbed soils, vehicle characteristics,
etc. may have not been met, the design and analysis of pavement.structures
using AASHTO procedures are being questioned. The basic AASHIU design

. equations are also being questioned due to changes in allowable axle

- loads, suspension systems, wheel configurations, and axle spacing since
the Road Test.

Finding a solution to the problem of increased raté of pavement
detericration is not easy because of the number of factofs that contribute
to the problem. For this reason, the solution must involve all aspects of
the camplex relationship between vehicle and @avement. Models that
incorporate all vehicle characteristics need tO be developed and verified
so that accurate dynamic loads applied to the pavement can te determined.
Pavement models that predict the humbertef load applications to a
particular type of pavement failure also neéd to' be developed and
verified. When we can confidently fredict the éffects of changes in
vehicle characteristics and pavement désign, we can begin making those
decisions which will give us the,longest pavement life for the least cost.

The solution to the problem/also involves. a continuing dialogue among
those building the pavements, those USing our highways, and tire and truck
manufacturers. Toward that eénd, Mr. Friedenrich suggested future
symposiums like the cm@ held in) Austin, Texas.

There were two tire pressure-relatexdd papers presented at the 1988
Transportation Research Board annual meeting in Washington, D.C. The
first paper i§ entitled: “Effect of Load, Tire Pressure, and Type on
Flexible Pavement Response®(Dy Messrs. Ray Bonaquist, Charles Churilla,
and Ms. Deborah Freund of the Federal Highway Administration. The paper
presents the findings of wark with the FEWA's accelerated loading facility
forthe first two pavement sections tested. These findings are included
in the answer to the second question.

The secdnd paper is entitled: "Evaluation of Increased Pavement Loading
and Tire Pressure” by Stuart Hudson and Stephen Seeds of Austin Research
Engineers, Inc. (ARE). The authors summarize work done for the Arizona
Department of Transportation to develop computer programs to calculate
18,000-pound equivalent single axle loads (ESAL's) from both locadcmeter
and weigh-in-motion data. The programs have the capability of using
either AASHTO load equivalency factors or factors developed by ARE. The
ARE load equivalency factors take into consideration tire pressure,
pavement structure, truck classification, wheel configuration, and axle
configuration. Based on the results of a survey of 350 trucks in Arizona,
the authors believe that tire pressure should be included in flexible
pavement design. The survey showed that the average hot tire pressure for
the tires on the truck steering axle to be 106 psi, and 102 psi for the
tires on the drive and trailer axles. The values are about 20 percent
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higher than the 85 to 90 psi hot tire pressures measured at the AASHO Road
Test. Using a fatigue damage model developed by Mr. Fred Finn and a
pavement section camposed of 3 inches of AC over 6 inches of aggregate
base and 8 inches of aggregate subbase, the authors concludeddbhat an
increase in tire pressure fram 90 psi to 121 psi would reduce pavement
life by 38 percent. Ninety percent of the tire pressures measuredhin
the Arizona survey fell in the range of 90 to 121 psi. The sheftened
pavement life due to increased tire pressure is the reason thHe authors
believe that locad equivalency factors used to design pavement structures
should consider tire pressure. The tire pressure adjusted load ‘
equivalency factor would equal the loads to a particular type Of pavement
failure or amount of damage for a standard wheel load and tire préssure
divided by the number of loads to the same pavement failure or amount of
damage for a given wheel load and tire pressure.

What can be done to make flexible pavements mire resistant to tire
pressure-related damage?

Tire pressure is crucial in detefmining  Stresses near the surface of a
flexible pavement. High tire pressures, thusy neceéssitate high-quality
materials in the upper layers of th& flexible pavenment. Asphalt overlays
of concrete pavements may also be highily impacted by increased contact
pressures.

The same preliminary design, mix deSign, construction, and maintenance
practices that have been uséd to make flexible pavements more resistant to
rutting, stripping, and cracking can also be applied to ensuring AC
pavements are resistafit €o higher tire pressures. These practices can be
found in FHWA Techriical Advisory 15040.27, "Asphalt Concrete Mix Design
and Field Control;® March 1041988, and in such study reports and manuals
as the following:

"Asphalt Pavement RuttingdWestern States," Western Association of State
Highway and Transportaticn Officials, original report, May 1984, and
followup report, February 1988.

"Asphalt Pavement Rutting and Stripping Report,” FHWA Ad Hoc Task Force,
August 14, 1987,

"Hof-Mix BRituminous Paving Manual," FHWA, May 1984.

Scme important factors brought out by this paper and by the referenced
materials which may help prevent failures under high tire pressure
conditions are as follows:

(1) Use the FEWA Traffic Monitoring Guide and weigh~in-motion
(WIM) equipment to cbtain accurate design axle loadings.

(2) Follow the recammendations found in the FBWA Technical Advisory
T5040.27 "Asphalt Concrete Mix Design and Field Control" with
particular emphasis on the suggested eight steps to be followed in
pavement rehabilitation design.
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(3) Stripping is often a primary cause of rutting which is aggravated by
high tire pressures. Be sure to consider an anti-strip additive when
high volumes of trucks are anticipated.

(4) Use the 0.45 power gradation chart to select the proper &
gradation for optimum mix density, stability, and voids.

(5) Follow recammended good engineering procedures pertaini
drainage, site control, choice of asphalt, choice of a¢
design, base and subbase design, plant operation, const
practices, quality control, and maintenance.

R\ %
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A DISCUSSION OF
DISCOUNT RATES FOR ECONOMIC ANALYSIS OF PAVEMENTS
' PETER Z. KLESKOVIC

GENERAL

In a life cycle cost analysis, a discount rate is needed to compare costs
occurring at different points in time. The discount rate reduces dAhe tmpact
of future costs on the analysis, reflecting the fact that money has a time
value. In the private sector, money that is not spent today can/be invested
to earn some rate of return. In the public works sector, where needs usually
exceed the available funds, savings from one project can begused to build
another project. This results in additional benefits tofthe pubdic.

The factors that determine interest rates for bonds includedntlation, risk,
Tiquidity and tax liabilities. Removing these factors Sholld result in a real
interest rate that represents the true time value of money., In _the
engineering economics literature, this rate is known as the discount rate.

There continues to be discussion about what raténto use when evaluating
alternative pavement strategies. In a 1887 survey, State Highway Agencies
used rates ranging from 0 to 9 percent. UFf the 27 responses, the median
discount rate was 4 percent, which was used by 26 percent of the responding
States. In total, 59 percent of the responding States used a discount rate in
the range of 3 to 5 percent, with 19 and 22 percent either below or above this
range, respectively.

The discount rate can affectuthe outcome of a 1ife cycle cost analysis in that
certain alternatives may be favored by, higher or lower rates. High rates
favor alternatives that stretch out cosPs over a period of time, since the
future costs are discounted in relation to the initial cost. A low rate hurts
these alternatives Since future costs are added in at almost face value. In
the case of a discount raténequal to 0, all costs are treated equally
regardless of when they occur. “Where alternative strategies have similar
maintenance, rehabilitation and operating costs, the discount rate will have a
minOr effect on the @nalysis and initial costs will have a larger effect.

This ‘paper documents a review and analysis of economic data in order to
determine an' appropriate discount rate to use in economic analyses of
pavementss Interest and inflation data was assembled for the period of 1950
to 1987. Uiscount rates were then computed by subtracting the inflation rates
for each'year from the corresponding interest rates. Most of the interest and
inflation'data was obtained from the Economic Report of the President,
February 1988. The Producer Price Index data came from the_Handbook of
Cyclical Indicators. The Federal-aid Price Index data came from the 1st
Quarter 1974 and the 3rd Quarter 1987 “"Price Trends for Federal-Aid Highway
Construction.” _

INTEREST RATES
Table 1 presents six interest rates between 1950 and 1987. They are:
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Interest Rates (1950 - 1987)

Table 1.
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Treasury Bonds (3 Years): Securities backed by the taxing power of the US
Government and exempt from State and local taxes.

Bank Prime Rate: The rate banks charge their most credit worthy customers for
short term loans.

Aaa Corporate Bonds (Moody’s): Highest graded bonds. .
Baa Corporate Bonds (Moody’s): Lower medium graded bonds.

High Grade Municipal Bonds (S&P): Bonds of states, cities, or counties. They
are often exempt from federal, state and local taxes.

Federal Funds Rate: The interest rate on overnight lo@ns between banks.

These six rates are plotted on Figures 1 and 2. _For clarfity, only three rates
are shown on each figure. Although, the individual ratés vary, all follow a
similar pattern. Of the six interest rates, the Baa corporate bond usually
was the highest. The fairly consistent difference between Baa and Aaa bonds
is a measure of the higher risk th@abt Baadionds carry. Treasury and municipal
bond rates are usually lower than the two corporate bonds or the prime rate,
again because of their lower risk. Municipal bond$ usually have lower rates
than Treasury bonds, because of their genérally tax exempt status.

Figure 3 is a plot of théyhighs average, and low value of the six rates for
each year. In 1950, these rates ranged from 2 to 3.2 percent. They rose at a
slow rate ti11 about 1965, wheén the range was from 3.3 to 4.9. Since then,

RATES (%)
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NEUE R T T I R Y DN O N . |

»

»

o | I ) Tyt 14 L ¥
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1950 2 54 5 %

Figure 3. High/Low Range of Six Interest Rates
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rates have peaked three times, 1970, 1974 and 1981. In 1981, rates reached
their h1ghest peak in recent timas, ranging from 11.2 to 18. 9 percent, and
averaging 15.2 percent. These rates have dropped since this peak, with a
range of 6.7 to 10.6 percent and an average value of 8.4 percent in 1987.

INFLATION RATES

Table 2 presents inflation rates as measured by the year to year rate of
change in four indexes. They are:

Implicit 6.N.P. Price Deflator: Index of average price level of all final
goods and service. Used to convert current-dollar GNP to constant-dollar GNP.

Composite Index (FHWA): Index composed of six indicator jtems ifecluding
excavation, pavement surfaces and structural elements. /(Ihese are reported in
the "Price Trends for Federal-aid Highway Construction.®

Consumer Price Index: Measure of the average level of pvices over time in a
fixed market basket of goods and services.

" Producer Price Index (all commodities): Measlir®s average changes in prices
received by commodity producers.

Figure 4 plots the yearly rate of change for bhree of the inflation indexes
from 1950 to 1987, the Implicit G.N«P. Price Deflator, the Consumer Price
Index, and the Producer PriCe Index. The three inflation rates show similar
trends to the interest rate curves. During most ¢f the 1950’s and early
1960°s, inflation rates were low, generally below 4 percent. Inflation
started to rise during the mid 1960%s and into the early 1970’s. Major
increases in inflation ocgurred in 1873-1974 and during the late 1970’s.
Inflation rates have genérally fallen Since 1980. The Producer Price Index is
the most volatile of the three rat@s on'rigure 4, generally havxng either the
lowest or the highesk yearly rates of change.

The rate of chan@e in the Composite Index from the "Price Trend for Federal-
aid Highway Construction® is shown on Figure 5. Although, this index tracks
the gther inflation“indexes it fluctuates over a much wider range.

DISCOUNT \RATES

Discount' rates were computed from the above data by subtracting the inflation
rates from the interest rates for each year. Since data was assembled for six
different \interest rates and four inflation rates, there are twenty-four
possible discount rates that could be considered. To make this effort more
manageable, ‘only nine discount rates were computed using the following
combinations of interest and inflation rates:

Interest Rates Inflation Rates

Treasury Bonds (3 Years) Implicit G.N.P. Deflator
Aaa Corporate Bonds Consumer Price Index ’
Municipal Bonds Composite Index (FHWA)
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It is recognized that the discount rates computed from these sets of data may
not be the most theoretically appropriate for an analysis of pavements. The
purpose was to determine if discount rates varied over time or if they held

fairly constant.

It was expected that the different discount rates would generally follow
parallel paths over time, but that individual curves would be higher or lower
based on other factors, such as, risk. The three interest and three inflation
rates that were used in the analysis were chosen because they wefée less
volatile than the other rates. The exception was the Composite’ Index (FHWA)
which is highly volatile, but was used in the analysis because of its
relationship to the highway program.

The nine discount rates are plotted in Figures 6, 7 and 8. The six curves in
Figures 6 and 7 followed similar tracks with time. The curvés onsFigure 8,
which are based on the Composite Index (FHWA), follow similar paths but with
highly exaggerated movements. The inflation comgonent of the discount rates
on Figure 8 completely overpower the effect of the different inferest rates.

Figures 6 and 7 show that the discodnt raténis not Tixed over time. The
1960°’s are the only period in recent times wheréadiscount rates remained
fairly constant and relatively low. Ddring the 1970's, discount rates were
very unsteady due to the surges in inflation that occurred during the middle

+ ana«sunvaomé-ewpoemron)
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Figure 6. Discount Rates
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and end of the decade. During these inflationary surges, the economy was
subjected to negative discount rates. During the 1980’s, discount rates have
been unusually high due to relatively low inflation rates and high interest
rates.

The long term trend of relatively low discount rates with higher rates more
recently is further shown in Table 3. From 1953 to 1987, the average value
for each of the 6 computed discount rates fell in a range from 1.0 pércent to
2.8 percent. However, from 1980 to 1987, they ranged between 3.5 percént and
6.6 percent. A frequency distribution for each decade from 195040 1987 \is
shown on Figure 9. These distributions indicate that during mogt of this
period, a low discount rate would be appropriate, on the order of 1 to 2
percent. During, the 1980°’s, a higher rate of about 6 percent would appear to
be appropriate. However, it is important to note that discount ratés have
generally declined from about 1983-1984. 1In 1987, the £1Xx discount ratés fell
in a range of 4.0 to 6.4 percent and they averaged 4.9 percent.

Conclusions and Recommendations

The question arises as to what is the appropriate discount rate to use in an
economic analysis of pavements. The Followingypoints are offered for use in
adopting a particular value:

1. The difference between interest rates and, inflation rates does not remain
constant over time. Thereforeg ithis not possibie to identify a unique
discount rate which will)always be correct. 'As shown on Figures 6 and 7,
there were very drastic Changes in giscount rates during the late 1970°’s
and the early 1980°s. It 48§ tlear thal the selection of an appropriate
rate should not be based on Unusual economic conditions which may occur for
a relatively short pefiod of time.

2. Over the long run, discount rdtes have been relatively low, on the order of
1 to 2 percenty, During the early and mid 1980’s, these rates have been in
a range of 5o 6 percent. They have been declining from 1983-1984.

3. Future interest and inflation rates cannot be reliably predicted over a
long period of time, such as 30 years. Whether discount rates will return
to their long term range of 1 to 2 percent or whether they will remain
relativeély, high is unknown. Conditions in the US economy may lead to
continued higher discount rates for the near future.

4. Sincedwe cannot accurately forecast discount rates for long periods of
time, a conservative approach would be to adopt a value somewhere between
the ‘high and the low range. A reasonable value might be in the range of 3
to 5'percent. It is perhaps on this basis that a discount rate of 4
percent is commonly used in pavement 1ife cycle cost analyses. Such a
range recognizes that discount rates of 7 or 8 percent have been relatively
rare in this country and have lasted for only a short period of time.
Additionally, we have had high discount rates for almost a decade. It is
probably unrealistic to assume that they will return in the short run to a
range of 1 to 2 percent.

5. Once a discount rate has been selected, Agencies may wish to conduct a
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sensitivity analysis by calculating Present Worths or Equivalent Uniform
Annualized Costs using several discount rates. It gives an indication as
to how sensitive the outcome of the analysis is to the discount rate. If
one alternative is favored over a range of discount rates, the agency can
have confidence that the analysis has truly identified the least cost
alternative. It is important however to emphasize, that the sensitivity
analysis should not be used for changing discount rates on a projéct by
project basis. However, they can help in the selection of the particular
alternative that will be built.
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o Memorandum

US Department
_of Transportahon
Federa! Highway
Administration
Washington, D.C. 20590
Subject Resilient Modulus Testing Equipment Date Y Wk
.. Reply to

From Chief, Pavement Division Attn’ of HHO-2

To Regional Federal Highway Administrators

Attached is a summary of responses to our Novembern' o, 1987, memorandum on the
above subject. A listing of manufacturers of resilientdodulds testing
equipment used or proposed for use by State highway agéncies (SHA's) is
included as an attachment to the summary. THere are currentldy 24 SHA's that
are or soon will be performing laboratory resilient modulus testing on unbound
and/or bound material. Most SHA's are using laboratory resilient modulus for
research purposes only. The eqlipmentflsed and the cost of that equipment is
quite variable as can be seen in the attachéd, summary.

As you are aware, the definitive material property used to characterize roadbed
soil and to assign layer coeffdimients (flexible pavements) for pavement design
in the "AASHTO Guide €or Degign of Ravement)Structures" (1986 Guide) is the
resilient modulus.

The 1986 Guide recommends that low stif¥ness materials, such as natural soils,
unbound granular layers and even stabilized layers and asphalt concrete be
tested using resilient modulus “teést method AASHTO T274. Although the testing
apparatus for each of thesegtypes of materials is basically the same, there are
some differenees, Such as the need for triaxial confinement for unbound
materials.

The 1986 Guide also states that the bound or higher stiffness material such as
stabilized bases and asphalt concrete may be tested using the repeated-load
indirect tensilte test (ASTM D4123). Appendix F to the 1986 Guide notes that
ASTM D4123,provides» an estimate of the modulus of asphalt concrete and other
relatively Jowsstrength materials under simulated field-loading conditions.
The edtimate may or may not correlate well with the resilient modulus value
obtdined using AASHTO T274. :

The resilient modulus values can be used directly for the design of flexible
pavements, but must be converted to a modulus of subgrade reaction (k value)
for design of rigid or composite pavements.

Some of the manufacturers equipment listed in the attachment does not include
apparatus needed for triaxial confinement of a specimen. Many States modify
standard test procedures for reasons of practicality and speed. In order to
Jearn more about the advantages and disadvantages of the currently used
resilient modulus testing equipment, we suggest that SHA's call or write the
various State contact persons listed in the attached summary as well as the
equipment manufacturers.
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We are currently working with the State of Washington to produce a videotape
using WSDOT's resilient modulus testing equipment. The tape will outline the
AASHTO and ASTM resilient modulus test procedures. It will also include
WSDOT's test procedures and explain how and why they deviate from the AASHTO
and ASTM test procedures. We anticipate that the tape will be ay@ilable for
distribution later this year.

As noted earlier, the 1986 Guide uses resilient modulus to charactefize soil
support and to assign asphalt pavement layer coefficients. It flrther
stresses, the need for a more rational approach to incorporate material
engineering properties into the asphalt mixture design process. | A number of
research studies are being conducted by FHWA, NCHRP, and SHRP in this area. We
will keep you informed as results become available.

We feel that the information included with this memorandum wbuld & helpful to
those States contemplating the use of 1aberatory resilient modulus, as well as
those States which are currently doing work in this area. Suffigient copies of
this memorandum and attachments have been provided for disthibution to the
d1v1s1on offices and their appropriate State counterparts.

If you have any questions, please contact Messrsinlom Fudaly at 366-1338 or
Dan Mathis at 366-1340.

orma J. Yan Ness
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SUMMARY OF RESILIENT

S EQUIPMENT USAGE BY REGION

REbiun 1
Primary Brand Purchase Purchase State Telephone
State Use & Model Date Amount Contact Number
* Maine Research Hicks & Vincent 1987 $38,000 Warren Foster (207) 289-5668
I8
** New Design Retsina, 1987 $18,000 Phid Mclabyre (603) 271-3151
Hampshire  {Bound mat'1l) Mark Vi
New York Design SBEL Co. 1980 $22,000 David Suits (518) 457-4704

k&

Maine will soon be performing laboratory resilient modulus testing ¥or research work and eventually hope to

use laboratory results fo

New Hampshire will soon be performing laboratory pesilient mbdulus testing on bound material for use in design.

r design{

REGION 3
Primary Brand Purchase Purchase State Telephone
State Use & Model Date Amount Contact Number
Maryland Research MIS, 410, 1983 $100,000 Michael Arastek (301) 321-3560
(Bound and 413, 414,
unbound mat'1) 422, 464
Pennsylvania Resgearchnand Retsina, 1981 $10,600 Prithus Kandhal (717) 787-5229
Design (Boundy, Mark IV
mat'l)
* Virginia Research Retsina, 1980 $5,000 Bill Maupin (804) 293-1948
(Bound mat'1) Mark II
West Research ‘and MTS (see attachment 1) Berke Thompson (304) 348-3664
Virginia Design

The Virginia Research Council performs the research work for the Virginia DOT.

obtainina a Retsina Model Mark VI for approximately $15,000.

They are in the process of
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REGION 4

Primary Brand Material Purchase Purchase State Telephone

State Use & Model Tested Date Amount KLontact Number

Florida Research MTS, 312.31 Asphaltic 1975 $50,000 Larry Smith (904) 372-5304
MTS, 312.21 Concrete or
(see Soils 1975 $48,000 Gale Page
attachment 2)

Georgia Research (See Bound 1975 $10,000 William Webb (404) 363-7546
attachment 3) & 1986

* Kentucky Research Structural Bouhd 1974 $5,200 David Allen, (606) 257-4513

Behavior and University
Engr. Lab.(SBEL) Unbound of Kentucky
STD-1000

Miss. Research Retsina, Asphaltic 1980 $10,000 Joe Scheffield (601) 359-1174
Mark IV Concrete

* Kentucky Transportation Cabinet to‘purchase custom-made model from Materials Testing System (MTS)
Minneapolis, MN, for $119,000 by June 1988:
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Primary Brand Purchase Purchase State Telephone
State Use & Model Date Amount __Contact Number
I1linois Research (Built their own device) =  —————v Jake Dhamrait (217) 782-7206
Michigan Research MIS mmmeee e Jack DefFoe (517) 322-5711
(Bound mat'1)
Minnesota Research MTS 810 1980 $99,500 George/ Cochran (612) 296-7134
or
Nevl Magee (612) 296-7848
or
Dave Rattner (612) 296-9740
REGION 6
Primary Brand Purchase Purchase State Telephone
State Use & Model Date Amount Contact Number
* Texas ‘ Research Retsipa Mark IV 1975 = comemee Paul Krugler (512) 465-7603
(Bound mat'1)
New Mexico Research Custom made by 1982 $45,000 John Tenison (505) 827-5565

(Boundpand

University of

unbound mavyl) Oregon

* The Bituminous concrete gection of DHT Materials and Test Division (D-9) occasionally does resilient modulus
testing. It is not dode routinely and done only when additional information about a mix is needed.
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Primary Brand Purchase Purchase State Telephone
State Use & Model - Date Amount Contact . Number
* Kansas Research and Cox and Sons, Inc. 1984 $57,000 plus Glenn Fager (913) 296-7410
Design C5-4000KA $30,000 5
accessories

An additional resilient modulus testing machine has been purchased by ¢DOT and
will be received in early 1988. This unit was manufactured bydResearch
Engineering and is a component type system. The load Trame 1S Model RE-CLF-
5000 and the Air Electric Loader is Model No. RE-CL-82.7 This unitwis operated
through an IBM PC-AT processor. The costq,of this unit 1§ $36,000.00 with up to
an additional $5,000.00 in accessories. “When thiswmnit 1§ brought on line at
KDOT, it will be used primarily for the design of pavement Structures. The

contact person at KDOT for this unit is Mr. Jeff Frantzen. His telephone number is
(913) 296-3008. '

REGION B8
Primary Brand Purchase Purchase _ State Telephone
State Use & Model Date Amount Contact Number
Colorado Research Retsina Mark 115 1974 $6,000 Lex 0'Connor (303) 757-9449
or
Dick Hines (303) 757-9724

Utah Design MTS 1972 e Wade Betenson (801) 965-4303
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Primary Brand Purchase Purchase State Telephone
State Use & Model Date Amount, Contact Number
California Research Retsina, Mark II 1974 $5,600 Robert Doty (916) 739-2361

Nevada - Will soon purchase a device by "Research Engineering" for resedrch purposes. The State
Contact will be Pat Schoener or Ted Beeston (702) 885-5875. :
REGION, 10
Primary Brand Purchase Purchase State Telephone
State Use & Model Date Amount Contact Number
Alaska Research Hicks and Vincent 1987 $45,600 Eric Johnson (907) 338-2121
Washington Research Hicks and Vincent 1983 $29,000 Newton Jackson (206) 753-7110
& Design IA
* Oregon Research Retsina Mark IV 980 e Dick Dominick (503) 388-2621

* Oregon has recently ordered equipment manufactured by "Research Engineering" at a cost of $33,600.



West Virginia DOH Resilient Modulus Equipment List

Equipment Manufacturer
and Type

MTS Inc. Material Test
System

MTS Inc. 22 Kip Load
Frame

Schaevitz Engineering Co.
Linear Variable
Differential Transformer

Research Engineering Co
LVDT Clamps (2 each)

Wavetech Inc. A
Function Generator

Air Compressor
Blue M. Inc.
Construction
Temperature Oven

Hobart Manufactufing Cos
Mixer

Hewlett Packard Cou
@scillescope

Research Engineening Co.
Triaxial Lhamber

Mettler Co. Balance

Soiltest Inc.
Membrane Expander

Soiltest Inc. Membranes

Model Number

B10 Series

Not Available

T00MHR
Range +/-

0.100 inch

RE-PRC

186

OVas0-I

gt T
1702A
RE-SA-150

PT1IN

No number

T-614

2.6.8

Date

Purchaéed

Dec. 1971

Late 1983

May 1982

May 1982

Not Known

(Air comppéssor set up, for entire lab is

May 1963

Oct. 1970

Late 1974

May 1982

Dec. 1977

May 1982

Purchased as

needed

Cost

$63,923

$3,500

.estimated

$250

$305
each

$350

$330

$495

$6,000

$2,920

$1,940
$85

$60/doz.



Florida DOT Resilient Modulus Equipment List

System No. 1 - Asphalt Test System

Consists of the following:

9.

. Load frame - 55 Kip (M.T.S.), Model No. 312.31

. Activator - 22 Kip (M.T.S.), Model No. 204.63

. Hydraulic service manifold - (Series 284) (M.T.S4), Series 284
‘Load Cell 10 metric ton - (M.T.S.) - Asphalt, Modelmtial 661.21A-03

Load Cell 1500 D.G.F - (M.9.5.) « Model No. 661.13A-05

. Temperature control chamber - (Thermotron Cérp,), Model No F-3-Ch-Co>

Split Tension Load Frame = (Custom Made)

. Electronic Console (M.T.S.)

A. 409 Temp. Control panel

B. 430 digitaldindicator panel

C. 417 counter panel

D. 410 digital function'generator

E. 442 controller arranged with following modules:
(a) Serve Control -~ Model 440.13
(b Valve Drivéps="Model 440.14A
(c)" Feed Back selector - Model 440.31
(d) Limit detector - 440.41
(e) A.C. Bonditioner - Model 440.22
(). D.C. conditioner - Model 440.21

F.A410 pulse sequence panel

GL 413 Master control panel

Gould Brush Recorder - Model -1111-1707-120, consists of the
following modules:

A. D.C. Amplifiers - Mode) 13-4215-32 (2 each)
B. Transducer - Model 13-4218-00
C. Carrier Amplifier - Model 13-4212-02

Date of Purchase - 1975
Cost -~ $50,000
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Equipment List

System No. 2 - Soils Test System

Consists of the following:

1. Load frame - 22 Kip (M.T.S.), Model No. 312.21

2. Actuator - 3.3 Kip (M.T.S.), Model No. 204.51

3. Hydraulic service manifold (series 284) (M.T.S.), Series 284
4, Load cell - 500 K.G.F. (M.T7.S.) (w/protector) ,Model \No. 3170
5. Triaxile chamber - (Wykeham-Farrance Eng.), Model No. 11006
6. Electronic console (M.T.S.) 4

. 417 counter panel

. 410 digital function generator

. 442 CONTROLLER - (aprangemefit 15, same as,system No. 1)

. 410 pluse sequence panel
. 413 Master Control pangl

mooooP

7. Gould Brush Recorder -_arrangement same as system no. 1
- Model No. -1111-1207<120

Date of Purchase - 1975
Cost - $48,000

Hydraulic Power Supply (MTS)

3000 psi capacity
21 gpm
Model No./510.218

Date of Purchase - 1985

Cost - §14,300

Note: TRhi$ Hydraulic Power Supply is capable of supplying both the
Asphalt and Soil Test systems with 3000 psi
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Miscellane

GEORGIA DOT RESILIENT MODULUS EQUIPMENT LIST

Part

Triaxial Cells

Load Frame for 2 Samples

Strip Recorder (Brush 2 Channel)

Pressure Regulators (Model #40-100)

Pressure Gauges

LVDT's (Transducers Model #55-203) . Collins

Belloframs (Size 4) Bellofram Products Company
Mufflers

Recycling Timers Eagle Signal Controls
Revolution Coun

24 Volt Power Suppli GA DOT - Research

Tumbin ectrical

terials
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Resilient Modulus Equipment Manufacturers

The following is an alphabetical listing of manufacturers of resilient
modulus testing equipment that is currently used or proposed forgliSe by
the SHA's:

Cox and Sons, Inc.

P.0. Box 674

Colfax, California 95713
Phone: (916) 346-8322

Material Testing System (MTS)
P.0. Box 24012

Minneapolis, Minnesota 55424
Phone: (612) 937-4000

Retsina Company

601 Brush Street -

Oakland, California 94607
Phone: (415) 268-0821

2612

Hicks & Vincent. (H&V)
Material R and D

3187 NW Senheca Place

Corvallis, Oregdn 97830

Phonezs (503) 757-1293

Research Engineéring

2640 Dundee Road

San, Pablo, California 94806
Phonein(415) 223-4798

Structural Behavior Engineering
Laboratories, Inc. (SBEL)
P.Q.\Box 23167

Phoenix, Arizona 85063

Phone: (602) 272-0274



LONGITUDINAL JOINT CONSTRUCTION AND EDGE
DROP-OFFS

STATE-OF-THE-PRACTICE

by
Steve A. Call
Highway Engineer Trainee
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INTRODUCTION

In January of 1987 a questionnaire dealing with longitudinal yoint
construction with asphalt pavements was sent out to all State highway agencies
by the Transportation Research Board Committee on Flexible Pavemefit
Construction. Forty-five agencies responded to the survey. The questiQnmpaire
asked if step-offs (drop-offs) were routinely permitted overnight or Tonger,
before placement of the adjacent mat, on either new construction or on
resurfacing projects. Questions followed concerning conditions ‘Wnder whith
drop-offs were allowed, joint construction techniques.fand alfernate
procedures used. A compilation of the responses to the questionnaire was made
in May of 1988 by C.S. Hughes. It included his conclusiong and
recommendations (see appendix). '

Since this questionnaire was sent out there has been muth interest and
activity in the area of longitudinal, joint_construction. In addition, many
State highway agencies have been encouragéd te, and are trying to, develop
pavement edge drop-off policies. Thispaper 75 an,attempt to update and add
to the information gathered in the 198/ Survey, narder to provide a "state-
of-the-practice" report.

As was indicated by the results of the 1987 survey, longitudinal joint
construction practices vary from State €o)State. It is not the intent of this
paper to evaluate the various construction practices of the States, but rather
to provide information on_what ‘different States and regions are doing to
mitigate the hazards cr&ated by edge drop-offs. To set the stage for this
information, a literature review is @iven detailing the results of the most
recent studies concerning the s@fety ‘aspects of drop-offs.
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LITERATURE REVIEW OF SAFETY RELATED ASPECTS OF PAVEMENT EDGE DROP-OFFS

An edge drop-off occurs when there is a vertical difference Win height
between adjacent road surfaces. Drop-offs may occur as a resultso0f paving or
resurfacing operations, or milling or other types of excavatign work. )They
also may occur as the result of the deterioration of an adjagent surfagés The
hazard results when a driver of a vehicle crosses over the drop-off, dropping
his wheel(s) down onto the lower surface, and then tries to steer back up ‘onto
the higher surface. An overcorrection may result in _Jd@88ef vehigle cdntrol,
while a gradual correction may result in the phenoména known as “scrubbing."
Scrubbing occurs when the steering angle is insufficient 40 overcome the
opposing force of the face of the drop-off, hence,| “scrdbbing™ of the side of
the tire occurs along the drop-off face. Oncel sufficient steering angle is
imparted, the wheels mount the pavement edge and, in“the,absénce of an
opposing force, the vehicle has a sudden change'of direction, often times
causing lane exceedance or loss gf,contrl. As the height of the drop-off
increases, so does the severity of the situabion.| For this reason engineers
have tried to determine the height of drop-offs &t Which mitigating action
needs to be initiated.

Current literatur® cited four major sbudies that have been conducted by
various agencies since 1976 pertaining,to vehicle responses to an edge climb
maneuver. These studies, i chronological order, are:

- The Effect of Lomgitudinal Edge of Paved Surface Drop-off on
Vehicle Stabidity, t. Nordlin, D. Parks, R. Stoughton, and J. Stoker,
California Départment of, Transportation, 1976.

- VehicledControhlability in a Pavement/Shoulder Edge Climb Maneuver,
R. Klein, W. Johnson, @nd H. Szostak, Society of Automobile Engineers
Technical Paper Series, 1978.

<, Pavement Edges and Vehicle Stability- A Basis For Maintenance
Guidelines, Don Ivey and Richard Zimmer, Texas Transportation
Institute, 1982.

«  APavement Edge Drop, Paul Olson, Richard Zimmer, and Val
Pezoldt, University of Michigan Transportation Research Institute, 1986.

This paper will summarize both the test procedures and the findings of
these four studies. It is important to note that testing procedures differed
in the four studies because each of the studies had different goals. As the
pool of knowledge grew, the procedures also evolved somewhat. It is
recognized now that when a vehicle drives over a drop-off, through
inattention, recovery from a scrubbing condition is the most difficult form of
recovery and therefore should ultimately be the determining factor in the
conclusions.

2.7.3



In Nordlin's study 50 tests were conducted using professi@nal drivers in
four different vehicle types: small, medium, and large passenger @ars, and a
full-sized pickup truck. Three different drop-off heights were useds. 1.5,
3.5, and 4.5 inches. Vehicles were driven from an A.C. shoulderns@nto either
an A.C. or soil surface, and returned to the A.C. shoulder at Speeds of 60 mph
and at angles of less than 10 degrees. In these tests either|two or four
wheels were dropped off the shoulder and then returned. This Study did not
examine the pavement edge scrubbing condition and used only vertical drop-
offs. In addition the combined width of the lane anddShoulder was Wafeet,
allowing more room for recovery.

Nordlin found that although experiencing a “significant jolt and
accompanying front end noises" at the larger drop-off heights,/there was no
real problem with vehicle stability, no deviation \in vehigélertrajectory, and
no encroachment into adjacent lanes. Less than one wheel revolution was
required for the first wheel to méunt thé€ various ‘drop-off heights.

In Klein's study three different Size passenger cars were used in closed
loop tests. The car's two right wheels wére gradually dropped 4.5 inches onto
an earth shoulder. Pylons weredlisethto keephthe wheels close to the pavement
edge increasing the chafige)fon scrubbing. Klein tested only vertical edge
drops in his study. The drinérs were told to drive at constant speeds,
increasing from 25 to 55 mph in 5 mph ing¢rements on successive runs. Twenty-
two naive (non-professional) subjects were used on 73 runs. On 34 runs the
tires did not scrub, bUt op the @ther 39 they did. On the non-scrubbing runs
there were no lane eXceedances, but waver half (22 of 39) of the scrubbing runs
resulted in lane exceedances. (Klein found that a correlation existed between
vehicle speed and lape exceedance. Each vehicle had a critical speed at which
recovery from Shoulder &limbs became difficult (83% failure). In the two
smaller cars(the critical spéeds were 30 and 32 mph. In the larger car the
critical speed was 42 mph.

Iinthe open lobped test Klein used four test vehicles and drop-off
heights ranging from 2 to 4.5 inches. Once again the most hazardous results
occurred during serubbing. Whether or not a vehicle was able to climb a drop-
of fiwas @ function of closing velocity. On a graph of closing velocity (the
componént of velocity perpendicular to the pavement edge) verses drop-off
height, it was shown that, at a height of about 4 inches, closing velocity
needed to climb the pavement edge increased sharply. For this reason 4 inches
was suggested as a maximum drop-off height. Five inches was determined to be
the maximun height that could be climbed due to the undercarriage
characteristics of vehicles and side forces on the wheel.
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Don Ivey's study built upon the preceding two studies by Wordlin and
Klein. He used drop-off heights of 1.5, 3, and 4.5 inches with vanious edge
shapes including a 45 degree taper and a vertical edge. He usedy as
previously, three passenger cars and a pickup for test vehicles. Different
types of drivers were used ranging from professional to naive, however only
the professional driver drove the complete matrix of tests. 'Test speeds of
35, 45, 55 mph were driven with three different vehicle _positigns: scrubbing,
two wheels off the pavement, and four wheels off thedpavement. “Ivewmised a
subjective rating system which had the driver rate/the difficulty of the edge
climb maneuver, however only the professional driver wasdused¢to rate the
various climbing maneuvers since he was the only one.td drive [the complete
matrix of tests.

Ivey found that the professional driver handlied all the variations
easily except for the 4.5 inch edge drofi, Jon the'vertical edge, in the
scrubbing condition. It was thereforg, conctudéd,that the 4.5 inch edge drop
was unsafe at speeds as low as 35 mph. ) The 45 dedree angle was safe, even at
a b6-inch drop, at speeds up to 55 mph." ¥elocity, drop-off shape, and
proximity to the edge were thegfaftors with, the greatest influence on safety.

Paul Olson's study used most of bhe same variables that the former
studies used (i.e. vehicle type, velocity, edge shape, shoulder type, and edge
drop heights). His investigation, however, was "primarily concerned with
evaluating the perforfmance of ordinary (naijve) drivers on their first
encounter with the/edge drop". Henalso examined "subject learning" and found
that its effects wére minimalf), The criteria he used to determine the safety
of each maneuver was lane exceedance beyond a 12.5-foot lane with the drop at
the edge of the lane.

Olson €ound that 4.5-inch vertical drops could not be negotiated by the
faive subjects safely at speeds as low as 20 mph. The 3 inch vertical drop
couldnbe negotiated at speeds of between 20 and 25 mph in smaller cars and 30
mph n-thenlargest passenger car. No safe maximum height was defined for
speeds greater whan 25 mph. Using the 45 degree bevel edge, virtually all
runs at heights up to 4.5 inches were made without intruding beyond the lane
adjagént to the edge drop at speeds up to 55 mph. The beveled edge was a
suggested treatment at higher speeds. Finally, he concluded that height, not
shoulder material, was the controlling factor, and that small cars had more
difficulty than large cars. The results of Olson's study suggest that the
recommendations of other studies are not adequate for high speed facilities,
if the determining factor is recovering from a scrubbing condition. Maximum
vertical heights of edge drops on these facilities should be less than 3
inches, although how much less has not been determined. Future studies should
address this issue.
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PAVEMENT EDGE DROP-OFF POLICY- STATE OF THE PRACTICE

In the memorandum issued December 1, 1986, from the FHWA Canstruction
and Maintenance Division, it states that drop-offs "greater than 2 inches,
left overnight, and immediately adjacent to traffic, have highdaccident
potential." The C&M Division recommended corrective action of a combination
of actions for drop-offs greater than 2 inches (see appendix). The memorandum
“strongly encouraged" the regions to work with the states in deweloping
pavement drop-off policies.

The following figure illustrates the "state-of-the-prfactice" in the
United States in regards to the 2-inch drop-off levgl., Jhe fiQure divides the
States into three groups. The first group congists ofdthose States that have
formal drop-off policies that allow a 2-inch or less @waximum drop-off in work
zones exposed to traffic overnight or reguire a taper for drop-offs exceeding
2 inches. The second group consishs of those Statés that have not formulated
a formal policy, but their general practice meets the requirements of the
first group. The third group consist&yof those States that have a policy
allowing greater than 2 inches, or havé no policy at all.

This information sMas obtdined from surveys conducted by TRB and various
regions, and supplemented by finformatian obtained from telephone conversations
with regional and division personnel. It is noteworthy that in some cases
where there was more than oné source available, there was a lack of agreement
as to policy or practigsess In"these cases, preference was given to sources
citing State Specififations or Codes.

A more detailed summary of eacn State's position concerning drop-offs
follows. The State§ are organized according to FHWA regions so as to show
patterns on a regional basis«< While the information is not detailed, in some
cases, each State is represented and the summary takes advantage of as many
sources as pos§ible, given the time constraints imposed.
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REGION 1

With a few exceptions, the States in Region 1 do not have farmal
pavement drop-off policies.

In the State of Connecticut edge drop-offs are not considered tQ bhe a
problem. For the most part traffic is kept off the joint area, using théyrest
of the roadway. With multiple 1ifts, the pavement in adjacent lanes is matched
before beginning the next 1lift.

The State of Maine uses channelizing devices gpaced every 50 feet when
the drop-off exceeds 3 inches in vertical height. Un a résurfd@ing project
creating drop-offs of less than 3 inches, channelizingdevices are placed 2
feet outside of the edge of the pavement at 600 foot intervals with the MUTCD,
W8-9 "low shoulder" signs every 1/2 mile. When the drop=aff’is greater than 3
inches, 4 feet of shoulder material is required €0 be placed with channelizing
ggvices placed as stated before. € The sgéed,limit on such projects is set at

mph. :

Massachusetts has elected not to adept a drop-off policy because "in
some instances such a policy wouldicreate more problems than it would solve."
Instead it was decided ‘that each traffic control plan should place special
attention to drop-offs in Werk areas and individual needs should be carefully
evaluated. :

The State of New Hampshire has no specific height requirements, but
specifications staté that open excawations shall not be exposed overnight, on
weekends, or on holidays. No¢guidelines for resurfacing projects were given,
but the State feels that they have few drop-off situations because of their
specificationg, and attention/given by project personnel.

New Jersey has the strictest policy in the Region, requiring a gravel
Wedge at a slope of 6:1 when adjacent excavation is greater than 2 inches. On
resurfaeing, adjacent lanes of pavement are matched every 1500 feet. Lift
thicknesses lare 2 inches. They also use a longitudinal wedge joint design.
Appropriate signing and a double yellow line is required on their resurfacing
projecté to keep traffic off the joint.

The State of New York has not adopted a formal drop-off policy. The
State relies on a section in its Standard Specifications. It was requested
that NYSDOT develop a special specification dealing with drop-offs. This
issue 15 still unresolved at this time.

Rhode Island has not developed a formal policy because they did not feel
that drop-offs were a problem. It is general practice, with drop-offs greater
than 4 inches, to require either a 4:1 transition slope or a median barrier.

Vermont does not have a specific policy on drop-offs, but does reguire
the pavement to be matched in adjacent lanes by the end of the day. This
jssue was to be discussed prior to the start of the 1988 construction season.
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In Puerto Rico the standard specifications state that p
and construction on both bituninous and PCC pavements will be
completed during the same working day. This eliminates unnecessa
along and adjacent to travel lanes. Where isolated or continou§ & ation 1s
expected as part of the construction project, appropriate cha
devices are specified. No height specification for drop-off

(The information for this summary was obtained from a
and a survey taken by FHWA Region 1.)

Q
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REGION 3

The State of Delaware has no height specifications for drop-0ffs on
milling type projects, however, they said that drop-offs of 3 or m@F& inches
do occur. On resurfacing projects, drop-offs of 1 inch or morefrequire
signing. Drop-offs of between 2 to 6 inches require cones or vertical panels
and are tolerated for the length of one days paving operation. | Drop-offs o€
greater than 6 inches require concrete barriers when within 10 feeb of the
traveled way and require barricades when outside of 10 feet.

Maryland requires pavement in adjacent lanes to bBe matcheddBy the end of
the working day when vertical drop-offs exceed 2 dnches, £ When drap-offs are
less than 2 inches pavement must be matched within 24 Wours. Reduced speed
limits are enforced within construction work zoneS., They said Chat nothing
was mentioned in their specifications for excavation work. V

In Pennsylvania longitudinal edgeadrop-0ffsmare generally limited to 25
feet in length at the end of each days Work, and a ‘maximum of 2 inches in
height. This does vary from district to district.

Virginia requires that, payement having drop-offs greater than 2 inches,
have lanes of adjacent pavement matching by the“end of a days operation.
Appropriate signing is required when drop<offs occur.

West Virginia genérally sets 2, inches as the maximum drop-off allowed
although it has no foymal policy. They generally do not prevent traffic from
crossing the longitudinal jointd

(The information for this, summary was obtained from a questionnaire sent out
by TRB and fro Specifications from the States of Virginia and West Virginia.)
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REGION 4

Although not all the States in Region 4 have adopted a formal policy
mitigating pavement drop-offs, they, at least in general practi€e, have strict
limits.

Alabama generally does not permit drop-offs of more than 2 inches to
exist overnignt. If they occur a temporary 1:1 longitudinal taper joint is
required and is later removed when paving resumes.

Florida sets a maximum height of 1.5 inches/ for drbp-offis that traffic
is expected to cross. This may be increased to 2 inch@€s for|low speed
situations. Where traffic is not expected té cross, less tham 2 inch drop-
offs require warning signs only. Drop-offs between 2 o 4ddinches require
drums, panels, or barricades. With drop-offs ‘greater than 4 inches either
positive separation or a 3:1 wedge is seguired.. For temporary conditions,
drop-offs greater than 4 inches may_ be protected by drums, panels, or
barricades for short distances, during daylightyp while work is being
performed.

The State of Gedrgia réguires pavement on the Interstate system to be
matched in adjacent Tanes by the endyof the next day. They set 2 inches as
the maximum height allowable for drop-offs exposed to traffic. They also
require appropriate signing where drop=0ffs occur.

Although KentucCky does notyhave a formal policy concerning drop-offs,
they said that pnojects with . drop-offs are generally closed to traffic.

Missisgippi denerally allows drop-offs of up to 2 inches without
protective Hevices and requires protective devices at drop-offs greater than 2
inches.

North Carbalina has set 2 inches as the maximum drop-off height allowed.
ATl Paving projects in the State must have adjacent lanes of pavement matched
within 240hours. " Use of the W8-%9a sign is required when traffic is exposed to
drop-offs.

South Carolina sets 1.5 inches as the maximum drop-off height they will
allow on resurfacing projects. They also require warning signs.

Tennessee does not allow night traffic on projects where drop-offs
occur. Pavement must be matched in adjacent lanes within 24 hours. Warning
lights and barrels are required when the drop-off exceeds 2.5 inches.

(Information for this summary was obtained from a survey conducted by TRB and
information provided by Region 4.)
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REGION 5

A survey of the States in Region 5 was conducted in 1987¢and was
confirmed by telephone conversation in February of 1989.

Standard Specifications in I1linois require that drop-offd 0f 3 or more
“inches at the edge of the pavement be protected by type I or Il barricades at
100-foot intervals when they were greater than 4 miles in length. This
applies to both resurfacing and excavation and milling type projects. The
pavement in adjacent lanes is required to be matched befare the next 1ift is
placed, and within 24 hours. Appropriate signing is fequiredyand ng Gpen
trenches greater than 3 inches are allowed to exist /@vernight.

Indiana requires, on resurfacing projectsdonly, that barricades be
placed where drop-offs exceed 2 inches adjacent' to the pavement. Up to 3-inch
drop-offs are permitted outside the shoulder. These specifications are
contained in the Contract Special Provisigns. All other situations are
covered in the Traffic Control Plan. Deep éxcavations at the edge of the
pavement require temporary concrete babriers Lo sepanate them from the
traveled way.

The State of Michigan doe€ nothhave ‘@ formal policy, but has :
specifications that state bhat Tow shoblders be delineated and that hazards be
removed as soon as possible.) Pavement ih adjacent lanes must be matched by
the end of the day or else warning signs mbst be provided and barricades
placed every 100 feet togdelineate the traveled way. They frequently make use
of a longitudinal tapér joint whendrop-offs are expected to be under traffic.

The State of Minnesota, likewise, does not have a formal pavement drop-
off policy, but@as a general practice allows drop-offs under 2 inches to be
left untreated Unless the drop-off occurs between lanes, then warning signs
are required.  Drop-offs bétween 2 and 4-6 inches (varies between districts)
are signed as 1ow, shoulders and may be delineated with channelizing devices.
Drop=offs over 4<f inches are signed and delineated with channelizing devices.
In most Cases adjacent lanes of pavement must be matching by the end of the
day. Excessive,drop-offs require the use of concrete barriers.

OMio has no official drop-off policy, however, drop-offs are considered
and discussed during the development of the traffic control plan. Their
specifications allow for a maximum 2-inch drop-off and require pavement in’
adjacent \lanes to be matched within 24 hours after placement. Open trenches
are protected by barrels. Ohio has utilizad, on many occasions, all the
technigues discussed in the 1986 memno from the C&M Division.

The State of Wisconsin does not have a drop-off policy, but as a general
rule, uses the provisions in the MUTCD. These are included in the contract
plan.

(The information in this summary was obtained from surveys conducted by TR3
and Region 5.) ‘
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REGION 6

The States in Region 6 follow no definite pattern when itfcomes \to
mitigating drop-offs in work zones.

The State of Arkansas allows a maximum drop-off of 3 ingches on the
centerline pavement edge and 4 inches maximum at the edge.of the shoulder.
When resurfacing lifts are less than 1 inch no treatm@nt 1§ hecessarys
Between 1 and 3 inches, at the centerline, an uneved lane sign (WSP-1) is
required. At the shoulder edge, a drop-off of between 1.@nd 4¢inches requires
that a drop-off sign (WSP-2) be used. Adjacentslangs mlst be matched within
24 hours unless an emergency arises.

Although there is no formal_policy_in LouiSiana, as a general rule,
drop-offs of less than 2 inches are alldwed,to exist without any treatments
while drop-offs of greater than 2 inches requibe matching lanes of pavement by
the end of the day. They are currentliy looking at a policy patterned after
one being developed by the State of Oklahema.

The State of New(Mexicolrequires a 6:] taper on the edges of lifts
greater than 1.5 inches Wnyweértical height. “At heights greater than 3 inches
they require panels or barvels in addition to the taper. Adjacent lanes of
pavement are usually matched within 24 hours.

Oklahoma, at jgiresent, has nohdrop-off policy in construction work zones.
The State is curreftly developing ‘@ policy based on the state-of-the-practice
in other States.

Because of the §ize ofdthe State and the decentralized nature of the
State DOT, VTexas does not have one single pavement drop-off policy. Each
district sets their own standards which they will follow, so practices vary
throughout the State. Some districts are making use of the longitudinal taper
Joints
(The inférmation ¥n this summary was obtained from a survey conducted by TRB

and telephone conversations with each FHWA Division Office's Pavement
Specialist.)
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REGION 7

In a memorandum dated May 13, 1988, Region 7 strongly encomraged States
in that Region to develop policies, mitigating pavement edge drop-offs,
conforming to the following guidelines:

1) For “"vertical drop-offs of 1 to 2 inches in height. ...
consideration should be given to providing appropriate sianing and

. delineation, and limiting drop-off length/@nd time of exposure.”

2) Drop-offs from 2 to 4 inches should have a slopefof 14\ or
flatter with appropriate warning signs and dedineation.

3) Drop-offs over 4 inches should have a 3:1 or flatter/drop-off slope
and obstruction free area or positive' separations

4) A pavement edge that traffic is expected to cross should not have an
effective height greate® thand dinch. Greater heights (up to 3
inches) should be treated with a wedge, slope of no steeper than 3:1.
The TCP's should provide for a reduced speed limit of 35 mph.

The Region further. stated that e@€h, situatien should be thoroughly and
individually analyzed,taking! into acecount ¢ress section features, traffic
volume and mix, speed, and practicality.and feasibility of the treatment
options.

The four Statesfin this Region, Iowa, Kansas, Missouri, and Nebraska
have essentially cofiplied with the guidelines recommended by the Region. The
State of Kansas ha$ proposed €hat all lifts have a 1:1 wedge and uses
channelizing dewices \at spacings equal to twice the speed limit. The State of
Missouri allows a 2-inch height differential (their maximum 1ift thickness is
1 3/4) befofe they requikegdhy kind of treatment on both traversable and non-
traversable Sections.

(The infarmation for this summary was obtained from a survey conducted by TRB
and a survey,.conducteéd by Region 7.)
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REGION 8

Most of the States in Region 8 have developed a formal policy mitigating
edge drop-offs.

The State of Colorado allows a 1 inch, untreated, maximum drop-off
height. Any drop-off exceeding 1 inch, and exposed to traffic, must use a 3:1
slope joint at the longitudinal edge. They also néquiredapprofiriate signing
throughout projects where drop-offs occur.

In the State of Montana all longitudinall Joints gpeater than 3/4 of an
inch in height must have a 5:1 tapered longitudinal joint.

In North Dakota, although there is na belicy, drop-offs are generally
limited to 1.5 inches in height and‘pavement Y0 adjacent lanes must be matched
within 24 hours.

The State of South Dakdgta hasha polich limiting the height of drop-offs
to 2 inches and requiringhadiacent lanes of pdavement to be matched within 24
hours. On multi-lane highways traffic¢ is kept off the joint entirely.
Appropriate signing is required where ever drop-offs occur.

Although Utahll allows up tg 4-inch drop-offs, pavement in adjacent lanes
must be matched by the end ofathe day so that no drop-off is left exposed
overnight. A sloped 3:1 wedge at the longitudinal joint is sometimes used.

In the State of Myomisig any paving operation that creates a drop-off of
more than ¥ inch shall have pavement in adjacent lanes be matching by the end
of the day. “lnhsituations where this is not possible a 3:1 1ong1tud1na1
sloped joint is used.

(The informabien for this summary was obtained from a survey conducted by TRB
and frofh Wyoming State specifications.)
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REGION 9

No State in Region 9 has developed a formal policy mitigating the“hazard
of pavement drop-off.

The State of Arizona uses a 4:1 wedge joint at the'lohgitudinal pavement
edge between adjacent lifts. A study performed by Arfizona UOUT *has shown that
superior compaction is obtained at the joint with this techiitqued They use
warning signs when the vertical difference between lanes is between 1 to 3
inches and cones, drums, oOr barricades when the(difference is greater than 3
inches.

California is currently working on.@udrop-off policy for their State.
As a general practice they allow a maximum drgp=off of .15 feet (1.8 inches)
between lifts. They require appropridte,signing where drop-offs exist.

Although they do not have asfermal policy, the State of Hawaii generally
does not allow drop-offs(to exiSL overnight Dy requiring the full travel way
to be paved daily. There ig usually ng wore than a 3 inch height difference
between 1ifts. The longitudinal sloped jaint is sometimes used at the
discretion of the engineer.

The State of Newada has no formal policy concerning maximum allowable
drop-of f height. The length offan exposed drop-off can not extend beyond the
length of 1 daysgpaving. Appropriate signing is required on projects where
drop-offs exist.

(Information for \this summary was obtained from a survey conducted by TRB and
from Region 9 Pavement Specialist.)
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REGION 10
The States in Region 10 treat edge drop-offs differentlyl

Alaska at present has no formal policy dealing with drop-offs, however
they are currently working on one. As a general practice they @blow drop-offs
to exist for one day's paving operation and allow for @ maximum drop=off
height of 2 inches.

The State of Idaho has no formal policy concerping’ edge drop-off
heights. Drop-offs are handled on a job-by~jobibasis at the discretion of the
engineer. They do require appropriate signing where drop-effs exist. On '
resurfacing projects the lifts are.generally 3 inghes thick. In the past
Idaho has used the sloped longitudimal jointy, but Ut is not now included in
the specifications.

In Oregon if the drop-off height 7§ greater than 2 inches then the
pavement in adjacent langs must e Mmatched by the end of the day or a 10:1
sloped wedge must be uséd at the longitudinal joint. The joint is then cut
back to a vertical face whempaving resumes. “If the drop-off is between 1 and
2 inches in height then adjacent lanes of pavement must be matched within 24
hours.

In Washington /the general practice is to have drop-offs not exceed .20
feet (2.4 inches) in height wh@re exposed to traffic. When drop-offs exceed
this height chafinelizing devices are required. The State requires pavement
in adjacent lanes to Geymatched within 24 hours. They also require
appropriate € igning where exposed drop-offs exist.

{(The, information far this summary was obtained from a survey conducted by TRB
and dnformation collected by Region 10.)
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CONCLUSION

In general, the varigus State highway agencies have atte
some limits in height and length for drop-offs on resurfacing
Recently these limits have come in the way of formal policies
State. Forty percent of the States have developed fo
point in time, with several more currently working or
nearly all cases, these policies conform with the s
memorandum issued by the Construction and Maintenan
1986. While these policy statements mostly ref
is felt that the 2-inch criteria could be used a
excavation type projects and even aa criteria

projects, it
milling and
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LONGITUDINAL JOINT CONSTRUCTION METHODS

The original intent of the TRB questionnaire sent out tofState @gencies
in 1987, was to determine the state of the practice with longitudinal joimt
construction with flexible pavements. One practice that is growing in
popularity is the use of a longitudinal wedge joint between adjacent 1ifits of
asphalt. Several States already use a tapered edge whéf a Mangitudinall edge
is exposed to traffic (see figure 2). Studies nave Memonstrated (see
literature review) the safety benefits from the use 0f sugh a tfeatment. In
many cases before the adjacent lane is placed, the Wedgé s cut back to a
vertical edge for the joint between 1ifts. Re€ently sbme staté highway
agencies, namely Arizona and New Jersey, have experimented.with the use of the
tapered edge as the joint itself as opposed to the more common vertical butt
Joint. In the research which has(been péPformed, bDoth States claim to get a
superior joint with the tapered edge, or "wedde,edge." Higher and more
uniform densities have been consistefitly obtained in the area of the joint
which is believed will result in a longerypavement 1ife. The tapered joint is
expected to yield improved rideabiithity because fewer transverse joints would
be required in the pavefent. AIhis isybecausenthe pavers would not be required
to be pulled back at specified lengthg for the paving of adjacent lanes, in
order to maintain matching pavement requirements normally associated with the
use of vertical butt joints.

The State of Arizona originally used a 6:1 sloped wedge, but this has
changed to a 4:1 wedge. It igiformed by a sloping shoe attached to the paver
in order to form the joint. The face of the wedge joint is compacted with a
pneumatic tiréd rollery and then the adjacent lane is paved to finish the
joint. Thedstate of Newider€ey uses a steel plate attached to the paver
forming a wedge of 3:1 siope. The joint face is not compacted, but it is
fleated with aninfrared heater immediately preceding the placement of the
adjacent 1ift, for better bonding. For more information, the reader is
gncouraged o _contaCth the previously mentioned State highway agencies.

From the research which has been performed to date in this area, the
"wedge edge" appears to be a viable solution to the drop-off problem on paving
and vesurfacing type projects. Instead of creating problems with joint
construction it has been shown to yield many desirable benefits.
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T Regional Federal Highway Administrators
Regions 1-10 ‘
Direct Federal Program Administrator

One of the problems noted during our 1986 constriiction . reviews and work
zone safety reviews involves pavement dropoffs adjacent to construction and
maintenance activities. These dropoffs include those creatéd by pavement or
bridge deck removal work, shouldergexcavations, and the placement of new
layers of pavement. When not properly addréssed, dropoffs may lead to an
errant vehicle losing control resultisg in property damage, injury, and
possibly death. It was found that many States do not have any policy or
guidelines addressing this hazardous situabion., With the growing number

of 3R/4R projects, there,is poténtidl for drbpoff incidents to increase
significantly,

To address this concern, information has been compiled and used to develop
steps to mitigate potentially‘hazardous dropoffs. These suggested procedures
are based on findings from recent research, current policies and guidelines
fron a nunber of States, and consideration of construction operations. The
information presentéd here is ot intended in any way to represent policy or
to serve as a directive of the FHWA, nor does it represent or promulgate any
new standard.| Instead, this information is to provide guidelines to States
in the develgpment of theiribwn dropoff policy.

Afy.dropoff is Considered hazardous, but those greater than 2 inches, left
overnight, and immediately adjacent to traffic have a high accident potential.
For such Situations, one or a combination of the following mitigating measures

1§ recomménded:

1. (Specify that the contractor schedule resurfacing or construction
gperations such that no dropoff is left unprotected overnight, or,
as a minimum, limit the length of the dropoff and the period of

expasure,

2. If feasible, place steel plates to cover an excavation or trench,
A wedge of material around the cover may be required in order to
assure a smooth transition between the pavement and the plate.
Warning signs should be used to alert motorists of the presence
of steel plates particularly when the plates are on the travel

1anes.
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3. Place a wedge of material along the face of the dropoff. The wedge
should consist of stable material placed at a 3:1 or flatterd@lope.
Warning signs may be needed in advance and throughout the treatment.
Pavenent markings or markers are yseful in delineating the edge of
the travel lane.

4. Place channelizing devices along the traffic side of the hazard and
maintain a 3-foot wide buffer between the edge of the travel lane and
the dropoff. The minimun spacing of the devices in feat should be, at
most, twice the speed in miles per hour. Dropoff w@rning Signs should
be placed in advance and throughout the dropoff treatments

5. Install portable concrete barriers or other acceptabl® positive barriers
with a 2-foot buffer between the barrier face and the traveled way.
An acceptable crashworthy terminal or flared Darriers drerequired at
the upstream end of the section, For nighttime use, the barriers must
be supplemented by standard delineatifn devices, i.e., paint,
retroreflective tape, markers, or warning lights.

For dropoffs greater than § inches, recomméndation 5 s strongly suggested
if reconmendations 1 or 2,are notifeéasible, Speed reduction measures need
to be considered particulanly for recommendations 4 and 5. Although these
mitigating measures are directed to nighttime conditions, dropoffs must also
be properly addressed during daylight operations.

We recognize that therg may be somé reluctance by the States to develop a
dropoff policy or quidelinas., The primary concern that has been stated in
the past is that the development of Such a policy would increase the
potential for tomt 11ability actions. [t has however also been stated that
the existance of properly developed policies and conformance to those
policies cand{in fact providesthe State with a good defense against tort
liability., More iimpaortant however, is that such policies will provide
gri@ater protection from accidents and injuries for the motorist.

we strongly Bncourage you to work with the States on the deve1opment of such
polidies., 4If an¥nfurther information or technical assistance is-needed,

please cohtact us at your convenience.
I

523 ) ob B. Myers
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TRANSPONTATION RESEARCH BOARD
COMMITTEE ON FLEXIBLE PAVEMENT DESIGN

COMPILATION OF QUESTIONNAIRE ON
LONGITUDINAL JOINT CONSTRUCTION

The questionnaire on longitudinal joint construction vas developed to
determine practices and concerns of leaving an open joint vh@n paving. The
questionnaire focused primarily on safety to the traveling public and joint
durability. A copy of the questionnaire is attached.

Responses vere received from 45 states, 2 turnpike agehcies, and\ 4
Canadian Provinces. The compilation of these responses follovs.

Thirty-five agencies allov step-offs (open faces) . for new constriction
and thirty-three allov them on resurfacing. Of the 26 agencies alléving
this practice and having a maximum step-off, 62% have a saximum of 2"; 192
have s maximum of 1 1/2"; and only 15X allov 3" or mord. Five agencies
require a taper and this varies betveen 3:1 and 10:14 Tventy-nine agencies
have s maximum time limit of 1 day or 24 hours over vhich té pave the
adjacent lane. The others have no specified time limits

The question addressing signing tfequired ansvers vhich vere somevhat
hard to compile because the Manual &f Uniform)Traffic Control Devices
(MUTCD) has no standard sign for a lane step-off or uneven paving. There-
fore, misinformative signs or, more oftan, signs that are designed by the
agency are used to alert theublic of the step-off. Six agencies use the
standard signs of Lov Shoulder (V8-9A) or No Passing (V14-3). Fourteen
agencies use special signs with 10 either stating or illustrating Uneven
Pavement, 3 state Abrupt Edgs and one says Center Line Drop O0ff. Thirteen
agencies use no signs mentioning the step-off.

0f 32 agencifs requiring special longitudinal joint techniques, one or
more of the folloving techniques are used.

Matching shoe 532
Tacked joint 53%
Cutback to vertical face k14
Taper ’ 19X
307 ski 6X
Joint heater K} 4

Several agencies stated that’tnckinz or cutting back to s vertical
face vas required, if necessary.

The agencies that do not allov an open joint require the contractor to
move the paver back and square up daily vhen paving under traffic. For nev
construction, full vidth paving and paving in echelon are generally alloved
as alternatives to moving the paver back daily.

No agencies reported any special density requirement on a joint. Oné
is atteapting to develo» a joint density specification. ‘

Thirty-eight of the agencies responded that they have no spec ' fied
methods to prevent rounding of the joint edge by traffic. Nine (18X) do
not nllov any traffic on the joint at any time.
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The question requesting the responders opinion as to hov hazardous a
step-off is to various vehicles drev some interesting responses. One
responder invoked the fifth amendment. The ratings are listed belov. Many
responders assumed the "no" column, left in through a design flav, to mean
"not hazardous" and thus resulted in an additional rating to that intended.

Rating
Hazardous to: Extremely Somevhat Slightly Not
Tractor Trailers 6 | 14 : 18 10
Passenger Cars 7 20 : 15 6
Compact Cars v 16 19 10 .3
Motorcycles 32 10 b 0

This response is in line vith anticipated results. Motorcycles and
compact cars are thought to be the most affectedand trdctor trallers the
least affected.

The question concerning speciad procedures or deviations did not drav.
any comments not already included in the compllation. Likevise, the '
question requesting special joint edgelshapes cnlyyprovided information on
tapers, vhich has already been categorizad.

CONCLUSIONS
1. Almost 2/3 of the agencies rasponding allov step-offs.

2. Tventy-five of the  tventy-six agancies alloving step-offs, permit
1 1/2" or greater.

3. a) There iz no standard sign for a lane step-off in the Manual of
Uniform Traffic Control Devices (MUTCD).

h) In the absence of a MUTCD approved sign, many different signs, some
nisinforastive, are used.

4, The use of amatching shoe and a tacked joint are the tvo most often
used special longitudinal joint requirements.

S. Most respondents feel that the hazard of a step-off affects motorcycles

more than cars or trucks. Of cars or trucks, compact cars are felt to
be most severely affected.

RECOMMENDATION

The only recommendation that is apparent from this compilation is that
a need exists for the National Committee on Uniform Traffic Control Devices
to approve a standard sign vhich can be used for pavements with step-offs.

2.7.26



(A . Memorcmdum

US. Depormment
ot Transporanen

Federal Highway
mrﬂmﬁﬂnhn

Suoect ACTION: Life-Cyclte Cost Analysis o ocve  SEP 5 @

Reow ¢

From  Chairman, PMCG o ar= st HNG-42
e PMCG Members (See Attached List)

A Life-Cycle Costing (LCL) Task Force has been forfied inresponsest® LCC
interest expressed by the FHWA Research and Development Executive Board at its
1991-92 winter meeting. The Task Force consists of represedtatives from the
Associate Administrators for Policy (HPP-12), Resear€h (HNR-20), Program
Development (HNG-42), Motor Carrier (HIA-20), and Administration (HCP-22).

The Task Force mission is to develop recommendations Wforsthe Research and
Development Executive Board on appropriate ways to incorporate LCC analysis
into the Federal-aid highway @rogrami 'as uell as the necessary LCC research,
development, and training needs.

Attached for your review and comments, is a drart of the Task Force's
preiiminary study paper, "Life-Cycle Casting and Life-Cycle Cost Analysis:
Applications Within  EHWA ahd The Federal-aid Highway Program.” We are
scheduling a presentation and discussion period of the Task Force’s initial
effort at the next PMCE meeting. Weare seeking PMCG reaction, input and
suggestion for improvement,necessary Lb obtain PMCG endorsement of a course of
action prior to presenting the task force findings to the Executive Research
Review Board on/0Ctober 22.

We would appreCiate receiving your comments by September 28. Mr. Jim Walls
has been désignated to coordinate this effort and is available to address any
guestions| you may Have or' clarify any proposals contained in the preliminary
study. “Mr. Walls can De reached at 366-1339.

-

——" Louis M. Papet
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FMCG Members:

Lou Papet HNG=-40
Richard Torbik " HEP-10
Tom Pasko ' HNR~-1

Doug Bernard | HTA~-1

Madeline Bloom HPP-1

Dave McElhaney HPM-1

John Grimm HIA=-1

W. Mendenhall, Jr. HRA=06
ﬁypvb Lord

Paul Teng
Don Fohs

Ted Ferragut
Dick McComb
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Life Cycle Costing and Life Cycle
Cost Analysis: '

Applications Within

FHWA and The F
Highway Progr

\dy |
o Aug 99

HNG-42 (Pavements)

lord  HNR-20 (Research)

Walt ing HPP-12 {Policy)

Dennis Miller HIA-10 (Motor Carrier)

Frank Waltos HCP-32 {Contracts and Procurement)
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Executive Summary

In response to interest expressed by the FHWA Research and Development Executive
Board in Life-Cycle Costing (LCC), the Pavement Management Coordinating Group
(PMCE) established an internal LCC Task Force consisting of representatives from
the major affected Associate Administrators. The Task Force was specifically
charged with developing recommendations on appropriate LCC research needs.

Fundamental to accumplishing its primary tasking, the Task Force Had to first
identify current and potential FHWA LCC applications along with some fundamental
policy implications. The Task Force also looked at the LCC impligcatiomof the
ISTEA. This paper includes the Task Force’s preliminary efforts in this area.

In terms of its specific tasking on LCC research needs, this paper identifies
relevant LCC issues and limitations. It lays out research approach options and
a plan of action.

Based on its initial efforts, the Task Force proposes two sepafate but concurrent
LCC efforts; an internal LCC policy development effort 4nd a | two-phase LCC
contract research effort. The policy developmegt efforf, although internally
directed, would most likely require some ocutside centracter support.

Under Phase I of the contract research effort, FHWA wWould contract with several
companies to provide inter-disciplinary teams o define and clarify LCC issues
and necessary research. Phase [ work wgiild incliudendevelopment of detailed work
plans that address the identified LCC research needs.  Under Phase II, FHWA would
continue to fund a more limited number of malti-disciplinary research teams to
actually conduct the morespromising research activities identified in Phase 1.

The results of this proposed multi-phase research effort and the internal policy
development effort would eventually be digested into FHWA guidance on LCC. This
final step would most likely ‘Be, done with in-house staff using consultant
support. .

The Task Force stresses from The onset that the outputs of life-cycle cost
analysis (LCCA) @re not decisigns in themselves; but rather inputs into the
decision making process.

A draft copy of this paper was circulated to the PMCG and discussed at the last
Jdlymid PMCG meeting. The draft paper has been revised to incorporate their
views andacomments.

The' Task Fdrce at this point has not made contact with any of FHWA's partners
and/or cfistomers.  Consistent with FHWA’s outreach program, the Task Force
suggests that appropriate outside groups be contacted before research funding
decisions are made. Groups such as the American Trucking Association and the
Association of American Railroads have conducted research in this area and are
likely to have a keen interest in FHWA's efforts. Industry groups such as NAPA,
Al, PCA,"plus ARTBA would also be interested.
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Introduction

A Life-Cycle Costing (LCC) Task Force was formed by Mr. Louis Papet, Chairman of
the PMCG, in response to LCC interest expressed by the Research and Development
Executive Board at its 1991 - 92 winter meeting. The Task Force is composed of
representatives from the Associate Administrators for Policy (HPP-12), Research
(HNR-20), Program Development (HNG-42), Motor .(Carrier (HIA-20), and
Administration (HCP-22). Specific Task Force members include:

Jim Walls HNG-42 (Office of Engineering, Pavements Division)

Byron Lord HNR-20 (Office of Engineering, Hiéhway Opefations
Research and Development, Pavements Divigion)

Walt Manning HPP-12 (Office of Policy Development, Transportation
Studies Division)

Dennis Miller  HIA-10 (Motor Carrier)

Frank Waltos HCP-32 (Office of Contractsd and Précurement
Research and Special Programs Division)

The Task Force mission is to develod recommendations for the FHWA Research and
Development Executive Board on appropriaté wiys to fucorporate LCC analysis into
the Federal-aid highway program, asowell @s nthe necessary LCC research,
development, and training needs. '

This study paper first defines MCCRLCC analysis, and cost effectiveness. It
then discusses potentigl) LCC appiications with their implications. This
discussion is followed by a)summary of turrent policies and a look at new LCC
mandates. General LCC technical and poiicy related issues and limitations are
then discussed. In the closing sections, the paper discusses potential
approaches to determinding and conducting needed research and training necessary
to implement LCCA, anfd finally, the last section presents recommendations on the
preferred course of action. '

Definition

Current literature loosely defines lite-cycle costing/life-cycle cost analysis
as.a form of econemic analysis which focuses attention on determining the longer
termieconomic implications of alternative strategies rather than merely the
initi1al ofafront end costs of the immediate decision at hand. It is a tool that
can. be used fopassist in making economically prudent long-term expenditure
decisiond, i.e., fost-effective investment decisions.

The ‘Task Force believes the terms "life-cycle costing”" and "life-cycle cost
analysis® are synonymous. However, life-cycle cost analysis is more descriptive
of the inherent analytical process and, as a result, the remainder of this paper
uses the term life-cycle cost analysis (LCCA).
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A related term, cost effectiveness, also has bearing in terms of FHWA -Policy,
Cost effectiveness is an economic related measure (generally a ratio) tha¢
describes how well an alternative meets a performance type objective in relatio:
to the cost of achieving that performance. The cost component of cost-
effectiveness ‘measures .should generally reflect 1ife-cycle cost. The
attractiveness of using cost-effectiveness measures is based on its ability to
tie cost to performance. For example, a cost-effective measure in the safety
area might be cost/accident reduced. In terms of pavements, it could be cost per
ESAL carried until terminal serviceability is reached.

As well as defining what LCCA and cost effectiveness are, it is equally important
to define what they are not. The Task Force stresses from the ghset that the
outputs of life-cycle cost analysis are not decisions in themselves; but rather
inputs into the decisionmaking process.

LCC Appiications

The Task Force sees two distinct areas where LCCA could be applied within FHWA,
i.e., internal and external applications. .The FHWA can use isdternal applications
to support decisionmaking at the national level. Esternaldppiications are those
related to the Federal-aid highway program. Within each area thefe are multiple
application possibilities.

In'terms of the Federal-aid highway prograni, there are several potential decision
levels where highway agencies could apply LCCA. These decision levels include
but are not necessarily limited to: ' :

State Network Analysis - J6 ewaluate total funding needs and to
determine resource dllocation levels for the various systems, project
categories, or improvement types in,relation to established system
wide performance goals.  The LCCA can also be incorporated into the
various management systems required by the ISTEA.

Project PrioritiZation - To Compare the merits of funding. one project
in lieu of another.

Pavement Design - \Jo asdist in pavement type selection and to
evaluate(the marginal wate of return for providing premium in lieu of
standard pavements.

Materials Specifications - To compare the use of imported premium
aggregate,versus Jower quality, but locally available aggregate.

Total Quality Management - To evaluate the long-term impact of
infreased attention to quality control. For example, increased
gxpenditure for research and testing equipment may quickly pay for
itself.

Operational Analysis - To evaluate catch basin clean out policy, the
type and application rates of de-icing chemicals, use of cathodic
protection, etc.
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. Gurrent LCC Policy -

Internally, the FHWA already incorporates cost-effective considerations in terms
of national level policy development and analysis of alternate investment
strategies. The Associate Administrator for Policy incorporates many aspects
of life-cycle costing analysis during development of the biennial report to
Congress, "Status-of the Nations Highway and Bridges." Some LCC principles have
been and more will be included in cost allocation studies and in_developing and
evaluating legislative proposals.

Externally, the FHWA does not specifically require State highway agencies (SHA)
to conduct life-cycle costing or economic analysis in support ofdeither program
or project level decisions as a precondition for federal-aid funding. This is
not true for other US DOT Modal Administrations. '

The Federal Transit Administration (FTA) requires .develcpment, of (ost-
effectiveness measures based on life-cycle cost analyfis in support of grant
applications for Section 3 discretionary money. This requirement, called an
Alternatives Analysis, must be conducted by applicants atithe Dfaft EIS stage,
and the results must be included in the Draft £IS., This Alternatives Analysis
requirement has been in place for many years, and the FTA haé developed and
published specific procedural guidelines on how to conduct it.

In contrast, the FHWA has admimistered na formula based rather than a-
discretionary program and has encouraged rather than mandated LCCA in the State

and loca) decisionmaking process affecting Federai-aid highway funds. While FHWA

will continue to administer a predominately formula based program, FHWA now

administers some discretionary grograms. The LCC would appear to have a more

substantive roll in discretionary programs.

The FHWA, in its pavement palicy, requives.SHA’s to have a pavement management
systems (PMS). In that policy, FHWA defines. PMS as a set of tools for finding
. cost-effective stratedies.

At its March 8-10 meeting, th€ Resedrch and Technology Coordinating Committee
developed comments on the FHWA R&T program. Among other comments, the committee
noted that, "f .. theylack of attention to life-cycle costs and benefits is a
major impedifent to the ubiliZation of highway related technologies. Particular
effort should be made in the research program to develop novel, user-friendly,
and_robust methods and tools for life-cycie costing®

ISTEA LCEWProvisions

The Intefmodal Surface Transportation Efficiency Act (ISTEA) of 1991 specifically

addredses LCC under sections 134(f)(12) and 135(c)(20). These sections require

that the metropolitan and statewide planning processes incorporate consideration

of several factors including "the use of life-cycle costs in the design and.
engineering of bridges, tunnels, or pavement.®

Cost effectiveness is referenced in section 119, "Interstate Maintenance

Program.” Under subsection 4, it establishes eligibility when a “State can
demonstrate . . . that such activities are 3 cost- effective means . . .*
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"The ISTEA also addresses LCCA in FTA’s Section 3({ raa. ’ '
weaken and strengthen the application of LCC (m) g‘l’r:?s m.Tr'l.'.&':: slesyts’??
While the legislation specifically exempts certain metropolitan areas fro,
Alternatives Analysis requirements, it strengthened the Alternative Analysis
requirements in non exempted areas. .

One aspect of the.ISTEA that presents somewhat of a dilemma for LCCA s the
requirement to develop and implement several management systems. While current
experience reveals that PMS’s can be used to foster systematic decisions based
on life-cycle costs, few if any, explicitly incorporate user costs arhthe time
value of money. Most focus on maximizing performance based on fixed budgets.
Even in those highway agencies that have PMS’s in which budget_ Jdevel) and
performance impact are directly related, the systems have littlel to do with
ultimate budget decisions. '

LCC Analysis ]Issues

Each LCCA application will, to varying degrees, have its own specifie LCC issues.
However, some of the more obvious fundamental issues intlude détermining:

(a) the appropriate 1ife cycle and analysis periods
(b) the alternatives that should be included '
(c) the performance histories of the alternatives
(d) the cost factors to be included . '

(e) the actual costs of the various cost factors
(f) the appropriate discount rate L, -

Procedural issues are also a concern. It include concerns over how:

(a) inflation {s addressed? - o

(b) sensitive the results are to the discount rate?
(¢c) performance history variations are addressed?
(d) Agency Costs and User Costs are incorporated?

(e) SHAs can captufe and re-invest user cost savings?

Technical, Policy and Procedural {ssues and Limitations

itim i iv

Being a form of ecConomic analysis, LCCA has all the strengths, weaknesses, and
limitations of traditional economic analysis. Foremost among the weaknesses is
the fact that LCCA intludes many technical assumptions and policy related
positions which directly influence the outcome of such analysis. The assumptions
and policy ifputs necessary to conduct an analysis can be very subjective and
highly Susceptible to criticism from all parties impacted by the analysis.

Technical assumptions and policy inputs must be clearly identified along with
supporting rational. Rational limits or acceptable ranges should be established
for technical inputs and policy related assumptions. Sensitivity analysis should
be conducted within the acceptable ranges to evaluate the influence of the
parameter being considered.
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Another important LCC issue is assuring consideration of a broad range of
alternatives. The LCCA cannot be used to evaluate the economic wisdom of a
particular alternative in and of itself. It can only evaluate the relative
merits between alternatives. As such, incorporating all viable alternatives is
essential. This should include promising new approaches and technology.
Unfortunately, estimating the performance 1ives of alternatives, is at best, both
an art and a science even when historical data is available.. Untried but
promising alternatives inherently incorporate greater risk thafl the tried and
true. This additiona) risk has to be addressed. \

Private industry incorporates risk through the selection of appropfiate discount
rates. Riskier projects {investments) require prospects of gréater (generally
3-5% more) return. The SHA efforts in developing PM Systems and SHRP LTPP
research’ will develop a better understanding of pavement performance
~relationships and should help in reducing risk.

Performance Equivalency

Implicit in economic analysis is the assumption that pérformance differences
between alternatives can be clearly defined, Captured, and refliected in the
analytical results. While this is true for some aspects nitsis not always the
case. All alternatives which have the same “usefu] 1ife,” in terms of either
‘year: grllgadings, do not necessafily prévide equivalent performance over that
“usefu e." o '

For example, two competing pavement rehabilitation aiternatives with the same
pavement 1ife, may very well deteniorate differently. If this is the case, then
they will provide diffefent 1evels of service over their useful lives, even if
they reach the same terminal Serviceability at 'the same time (see figure 1).

1 Alternative A

2 ’ 6 8 10 12 . 4 1 18 20
Time/ESALS --> .
Figure 1 Pavement Performance Histories
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] Ye and Non-quantifi

In any economic analysis, there are, generally speaking, non- costable .
quantifiable elements that, none-the-less, need to be é%nsidered in the Sﬁgiﬁ?gn
making process. The how and the degree to which the non-costable and non-
quantifiable etements are addressed is a major issue. While broader scope
analysis are more complete, they are not necessarily more accurate.

The degree to which current and future costs and benefits can be accurately
estimated severely limit the ability of LCCA to distinguiSh \between of
alternatives when LCCA reveals 11ttle economic difference. When LCCA results are
relatively close (within 10-20% of one another) relative risk_and other
considerations take on greater significance.

User Costs

Highway user costs, particularly travel time or delayppcost, hhave (been
controversial. While they may be difficult to quantifyland price, construction
imposed traffic delays have become, and are likely to contisiie to be, an ever
increasing burden imposed on the public.

Currently, highway agencies have 1ittle economic incentive to selett alternatives
that minimize total (agency plus user) LCC. The alternaliVé with the lowest
total life-cycle cost may well be the one that has the lowest user cost but, at
the same time, the highest agency cost. Becalss there are no readily available
mechanisms for highway agencies to transform Peductions in user costs to
additional highway investment capital, the current System encourages highwav
agencies to minimize agency rather than tatal costs. This tends to result -
significant sub-optimization of t8talypossilile benefits. -~ -~ ~
This issue is addressed to some extent by requiring full maintenance of traffic
on heavily traveled routes.  Highway agencies are already paying a premium on
certain projects for 1imiting the Gontractors hours of operation and/or elaborate
traffic detours. Highwiy agencies need to anticipate this trend and incorporate
higher future rehabilitation cost 10 gurrent life-cycie cost analysis.

Marginal Costs A -

The LCCA is ¢eénerally usedpds a means of determining the most economically
efficient (some Limes the cheapest) project from among a set of alternative that
adfduately meet theyminimum performance requirements. This may well be short
sighted. " Highway ‘agencies need to look at marginal costs, especially when
relatively modest teotal cost increases make significant differences in
performancel and omy, service lives. Premium pavements may be economically
justified{in areas with no alternative routes for maintenance, rehabilitation,
and/or reconstruction activities.

Discount Rate

As a minimum, model LCCA procedures should incorporate the time value of money
and discount future cost and benefits to a common time. As just noted, such
procedures must include internal (highway agency), as well as external (user)
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costs associated with a- highway faci!ity‘over fts intended useful 1if
procedures, however, would have to provide guidance on how to deal :;thsggg
highway agency’s inability to capture user cost saving for future reinvestment .

pr r

To be practical, LCCA must be conducted using procedures that recognize the
policy issues that influence the analysis and explicitly documnt the policy
positions taken in the analysis. The FHWA does not currently have LCCA
procedural guidelines. If the FHWA intends to use LCCA internally, it needs to
establish procedures governing such applications. If, on the otlEF hand, FHWA
expects to encourage consideration of LCCA in State and Yoca) highway agency
decisions affecting Federal-aid highway funds, FHWA will need €0 establish DCCA
procedural guidelines. From a technical aspect, model procedures should identify
and evaluate all viable alternatives and relevant cost factors. ) They should
incorporate techniques for developing accurate cost, pérformance, and.service
lives of identified alternatives.

Alternate Approaches

While the Task Force has been able to identify areas where LCCA research would
be productive, it believes a more comprehensive ook at the entire process as
applies to highway investment defisionmaking 1is' warranted. The Task Force .
further believes that integration of the many debatable positions into a cohesive
position on the application of LCC and appropriatéiguidelines on the conduct of
LCCA within the FHWA program would be much more positive contribution.

The Task Force also lookéd at déveloping an in-house working group to review the
Titerature and identify and cohduct the needed research. The Task force believes
FHWA does not have sufficient manpower in the appropriate multi-disciplinary
fields available to make a significant contribution to advancing LCC within FHWA.
LCC embraces many complex, issues: some are readily apparent, others are more
subtle. Prior to morg active FHWA involvement, endorsement, or technical support
of LCC, FHWA sponsored research iS necessary to:

(1) moreslisariy define, explore, and resolve identified LCC {ssues;

(2) identify and exploré other -important LCC issues not currently
identified; and

(3) develop a comprehensive approach to incorporate the research
findings,into integrated procedures for the various LCC applications. .

Policy Re;ggmgndggigng

The Task Force recommends that FHWA policy explicitly promote the long-term cost-
effective use of Federal funds, both in its internal operations and in the

Federal-aid highway program. :
The FHWA should continue to use LCCA and cost-effectiveness considerations in its-

internal operations to evaluate the condition and performance trend of the
Nation’s highways, and to determine whether or not we are using resources to the
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maximum advantage in achieving the nationai transportation goals. Oth 1
applications could include developing and analyzing highwgy 1nvestu::;’::::23
developing and evaluating cost allocation studies, and evaluation of competi,

IVHS technologies and other R&D activities. A -

The FHWA-should increase its efforts to encourage, support, and implement State
and Jocal use of life-cycle cost analysis principles at all decision levels. It
should develop model LCC guidelines, building on extensive existing LCCA
knowledge base including that of State and local highway agencies. »The FHWA
should make these LCCA guidelines available to highway agencies and require
consideration of LCC in the Urban and Statewide Planning processes. _The FHwA
should also require the development of LCC and cost-effectiveness informationias
part of each ISTEA mandated management system.

In response to specific ISTEA LCC requirements, FHWA should focus on program
rather than project specific requirements. The FHWA should prowide guidance 4n
conducting LCCA, require that it be conducted, and ensurg that the results are
explicitly considered in the decisionmaking process. [ It sholuld not become
involved in conducting or reviewing/approving actual LCCA's cOnducted by State
and local highway agencies, even on Federal-aid highWay program funded projects.

Research Recommendations:

In order to move forward with LCCA, FHWA shoUld initiate research and training,
necessary to foster improved LCC analysisdat ali decision levels.

Because of the financial/economic focus, the research should be conducted by a
multi-disciplinary team that drawsdon the strenaths of economists, financia®
analysts, and other appropriate disCiplines, as well as the highway engineeri:
community. . ¥ . Q- Y el e

Because of the enormity and.complexity of LCCA ind the pervasiveness of potential
application opportunitiesd, 1t will be difficult to formulate a comprehensive
research work plan with'existing in-house resources. :

The Task force recommends that FHWA pursue a two-phase LCCA contract research
effort as followst -

Phase I - an inngvative exploratory research affort.

Phase 11 “ma.traditiondl, in depth, detailed research effort
fntOnspecific LCCA issue areas identified in phase I.

Phase | - Edploratory Research

The exploratory research phase would require that selected contractor(s) develop
an inter-disciplinary team acceptable to FHWA that would; N :

1. Explore policy issues and the implications of various FHWA
courses of action.
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2. ldentify specific LCC research needs associated wi
8: a$t1on ;dent}f;ed. 1 with the courses
3. velop a detailed work plan and cost proposal that addresses th
spccific research needs identified. ¢

Because- of the complexity of LCCA, and the relatively inexpensive cost
anticipated for the exploratory research, the Task Force believes it would be
extremely beneficial (i.e., cost effective from a LCC perspective) to fund
multiple research teams for this early stage research. The Task Force envisions
awarding multiple contracts under one primary exploratory research contract. The
exact number of exploratory research contracts to be funded would & based on the
responses received to the request for proposals (RFP).

Phase 11 - Detailed Research

The Phase II research component is basically designed t6 carry out the specific
research that will be proposed in the detailed work plafs devel@ped by the inter-
disciplinary teams under Phase I. Upon completion of the Phase(l exploratory
research, FHWA would evaluate the research team{£) findifigs and proposed work
plans. At that point, FHWA would decide whether to fund of all or part of the
research activities identified by one or all the “explératory research

contractors. The Task Force envisions the Phase Il component would be an option
included in the Phase 1 research contract.

On completion of this proposed two-phase research effort, FHWA will stil11 need
to consolidate the various research teams efforts, produce LCCA guidelines, and
where necessary, develop LCCApolicy, technical advisories, and possibly
regulations. The Task €orce recommends that the final component would be to
establish appropriate training program(s).

With the concurrence of the Research and Development Executive Board, the Task
- Force will establish a/LCCA working group to develop an RFP consistent with the
preceding recommendations. Preliminary estimates are that an RFP could be ready
for early FY 93 Funfing. Fundihg for the second phase would not be necessary
until FY 94,
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2. ldentify specifi¢ LCC research needs associated wi :
of t§t1on ;den?}fied. : with the courses

3. Develop a detailed work plan and cost proposal that addresses th
specific research needs identified. - ‘

Because- of the .complexity of LCCA, and the relatively inexpensive cost
anticipated for the exploratory research, the Task Force believes it would be
extremely beneficial (i.e., cost effective from a LCC perspective) to fund
multiple research teams for this early stage research. The Task Force envisions
awarding multiple contracts under one primary exploratory research contract. The
exact number of exploratory research contracts to be funded wolild be based on the
responses received to the request for proposals (RFP).

Phase II - Detailed Research

The Phase II research component is basically desighed {0 carry outithe specific
research that will be proposed in the detailed wonk plans developed by the inter-
disciplinary teams under Phase I. Upon completion of the Rhiase ! exploratory
research, FHWA would evaluate the research team(s) findings and proposed work
plans. At that point, FHWA would decide whether £o fund of/ail or part of the
research activities identified by one or all" the eXploratory research
contractors. The Task Force envisions the Phase II cosponent would be an option
included in the Phase [ researth contract.

On completion of this proposed twosphase resgirch effort, FIWA will sti1l need
to consolidate the various research teams efforis, produce LCCA guidelines, and
where necessary, develop LCCA poiicy, technical advisories, and possibly
regulations. The Task Fofce reécommends that the final component would be to
establish appropriatetriiaing program(s).

With the concurrence of the Research and Development Executive Board, the Task
Force will establish a LCCAworking group to develop an RFP consistent with the
preceding recomméndations, Preliminary estimates are that an RFP could be ready
for early FY 93 Funding. _Funding for the second phase would not be necessary
until FY 94,
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-sstablishes LCCA principies to be -
gph-d by FHWM A n infrestructure
vestmhent ywag, and in evaluati
the adaquacy of Sut highway agency
procedures used in conducting required
LCCA for tnv’tunum funded through
the Fedearal-aid highway program_ States
and local agencies are expected to apply
these principiesdn svaiuating program
and project | investment decisions
involving Federal-aid highway funds as
required under applicable FHWA
regulations. Com@ants are solicited on
potential probiéms in implemanting
provisions of this policy satemantand
specific needs for truining and technical
assistance in LCCA: -
DATER: This interim policy statément is
efféctive ca July 11,1994, Comments on
the interim policy statement must be
mceived ofi or befdie October 11, 1994.
A fnal LOCA policy statement will be
publiéhed that takes into considerstion
comments recaived on this interim
statemant. -
ADORESSER: Submit written, signed
comments concerning this interim
policy statsment to FHEWA Dockat No.
94~15, Federal Highway .
A tion, room 4232, HOC-10, -
Oflice of the Chisf Counsel, 400 Seventh
Strest, SW., Washington D.C. 20580. in
addition to specific comments on this
policy statement, commants are -

requestsd on training and technical
m:-ddbbaphum

: LOCA.
All commaents recsived will be avuilable

for sxaminstion at the above address
between 8:30 a.m. and 3:30 pam. et
Monday through Friday, except legal
Federal holidays.

Federal Highwsy Administration
[FHWA Docket No. $4--15)
Lite-Cycie Cost Ansiysis -

AGENCY: Federal Highway
Administrauon (FHWA), DOT.
ACTION: Interim policy statement;
request for comments.

summany: This FHWA policy statsment
on life-cycle cost anaiysis (LCCA) belps
fulfill Federal management
responsibilities for analyzing life-cycle
oost aspects of infrastructure investment
decisions under Executive Order 12893,
*“Principles of Federal Infrastructure
Lirvesunent ” The policy statement
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James W. March, Chief, Systems
Analysis Branch, (202) 366-0237, or Mr.
Stevan M. Rochlis, Legislation and
Regulations Division, (202} 366-1395,
Federa] Highway Administration. 400
Sevanth Strest SW., Washington D.C.
20580.

SUPPLEMENTARY INFORMATION:

Background

There is an increasing recognition that
total life-cycle costs of highway and
transportation investuents must be
given greater considsrstion in all phases
of highway Exscutive Order
12893, “Principies of Federal
Infrastructure Investment,” requires that
benefits and costs of infrastructure
investment be measured and :
appropriately discounted over the full
lifs cycle of sach project. Sections 1024
and 102S of the Intermodal Surface
Transponation Efficiency Act of 1991
(ISTEA) (Pub. L. 102-240, 105 Stat.
1814, 1877) also require consideration
of “the use of life-cycle cost in the
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wmmﬂm - adequately consider future costs, imwvmnwuhh@.ub.}
tunnels, or pavemnant.” Bofthe including user delay-relatsd coms. . mmﬂcmwmmgm:::
interim fins} rule an fmplementation of cangestion on inportaat savings in oversll investrent
ISTEA managemant systems (23 CFR highways in urban arsas and some rural mmnmakm.yhdqu
500.207) requires use of LCCA far weas makes it critical to fully consider - instance, that more
pavement mm life-cycle costs of investment decisions. wnmud:onmhcthmnhhmm
and Subpart C (23 CFR 500.307) - Safety concerns and suxiliary - strategies, that serly intervention with
requires use of LCCA er comparabie construction costs to maintain, ' Ppreventive maintenance is cost efiactive,
techniques for bridge management rehabilitate, or recanstruct congested or that somewhat higher designs or
systems (BMS). highways and bridges inder trafficare  leveis of service may be appropnats far

Life-cycis cost analysis is an very high. User costs and dalays around | some facilities. The FRWA recognuzes

sconomic evahiation of all current and
future costs sasociated with ipvestment
dlcmﬁmkunvﬂu:;l;u sconamic
Mymu:hnﬂ'wfm ting
highwwy and othar transpostation
programs and projects that require Jang-
term capital and maintenance
expenditures over the axiended lives of
facilities. Future costs are discounsed
using an appropriate discount rate to
compare costs incurred at differest
pounts in time. -
Life-cycle cost analysis principles and
techniques sre used in many types of
econamic analysis to compare banefits
lndmmnngnmmun
umnmﬂmmmlym cost
fe-cycls cost ysis principles to
discount future benefits and costs of

. investment siternatives over the Eves of

requirements and to the development of
improvemant programs, especially
when there are budget constraints.

The use of value enginearing is
receiving increassd sttention as &
technique for enalyzing the functions of
a program, & ject. systam, prochict, or
service w icentify opportunitissta .
significantly lower costs while still
echieving the essential functions. Life-
cycie costs a9 often analyzed to ensure
thst unpecéssary costs are evoidad by
considering future operitions,
manienance, And recousguction
requirerents.

Total life-cycis costs df specific
facilities may be ma»y tiznes the initial
consTuctan Costs whep yger costs are
considered. 1t ts essential that a long
term parspective be taken n
programming improvemants, selecting
among alternative maintenante,
rebabilitation, and recanstruction
strategies, and designing pavements,
structures, and other highwey elements.
Longer design lives may hsvetobe .
considered, and traditicnal strategies for

programming maintenances and
rehabilitation activities may have to ba
reevaiuated to determine whether they

work zones io cangesied areas may be
aven higher and represent significant
inefficiencies that may adversely affect
scanomic productivity, especially on
the National Highway System (NHS).
Thess delays can erods productivity
gains realized by thogm\nngnumba of
industnes using just-in-time and other

advanced strat that

depend cm lﬁdln\ and pndmhh

Rmxﬂ-lofwhethcumwnum
included in a formal LOCA, most States
already implicitly consider user conts
when they choose to pay premiums 10
maintain traffic through wark zones or
design more durable

ts in
urban afees) ncluding ueer

congested
costs in LOCA makes thees implicit
considerstions explictt, 454 may halp
identify other opportunities 1o reduce
ovarall sgency and user cosis.

of tha high futuse coms to
majritain end réhabilitate
bridges snd tunaels, and their
assocaeted

mafic contral.

environmanial, and hydnnlic
components bax led to increased

interast in the potantial for LCCA to

mg-;n invesungnt productivity and
public and private costs of

bgh-‘y and othar tunsportation

programs. The FHWA ‘and the American

Association of State Highwsy and

LCCA practicas among the States and to
identify ressarch. training, tschnical
asnistance, and policy-relaisd neads w0
improve LLCA spplication. An
umportant input to that symposium was
an AASHTO survey of Siate LCCA

pracuces.
* Many specific LCCA jssues and

research needs were identified at the
symposium. Ksy technical issuss
inchuded bow to estahlish the
appropriate analyxs period, how to
value and properly consider vsar costs,
and how to choose the appropriste
discount rats. Participanis also
identified important research and dawa
needed to predict pavement and bridge
and forecsst future traffic.
An impartant policy issue raised at

the symposium was the recognitias that

results of LCCA may favor selection of
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that LCCA, thus. may result ity proposals
for greater expendituresiip frond. At the
same tme virtualiy 4l tian
agencies will cantiiine to face budgeiary
limitations at Jeast over the short term
Lije-cycie cost analysis will help
agencies identify and expiain the real
mbombymzpmmcnmmd
insdedusts infrastructure

Furntharmore, LOCA cxn asust apencias
that face fiscal constaine in making the
best use of dvailable funds. Seversd
States abbady use LCCA in developing
‘Mmerwrk irmprovemant -ym
of their pavement@nd bridge

Eventually it is

_sManagemen! systems.
d-mbhiudlStn-hhln-ﬂ

nm

phs highlight
LCCA prectios.

. _*gm'-_-jm,,.wm

loulqnd.h
identify investment shernatives that
will minimize total life-cycls costs.
While their use is not mmandatory in all
instances, States are strongly
mngdtonpplythmprbdpluh
copducting lije-cycle cost analyses
unjess thare are unique characteristics
of paracular programs or projects that
requare principles to bs modified. Lif-
cycle cost of coursa, is only
one consideration in many investunent
dacimions. but it certxinly is ane of the
most important far NHS routes and
other high volume roads in light of the

" costs and lost productivity sssociated

with furure maintenance and
rehabilitation actions.

n general theye are oo hard and fast
rules cancernung the sppropriate langth
of the analyms panod. The analysis
peniod will very depending om the typs
of improvement {bridge, versus tunnal,
versus psvament), the location {urban
versus rural). the highway sysiem (NHS
versus other}, and the decign hives of al -
appropriats allematives. in general,
longer design Lives should be
considered for ; ta on the
NHS and other high volums urban
rosdways because future agency and
user costs sssociated with maimensnos
and rebhabilitabon acovines may be so
high. For pavemant improvements on
the NHS, demgn hives of 50 years may
be resscnable while bridge and tenaal
improvements may have destgn lives of
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100 or mare years. The consideration of
longer design Lives will require longer
analysis periods in LCCA. Analysis
penods for projects involving other
modes generally should be iong enough
to cover the full life-expectancy of the
investment—the time until facilities
would have to be reconstructed if -
initally constructed to an optimumn
design. These lives would vary
according to the modal alternative being
examined. Analysis periods for all
project alternauves should be the same

lex'xl%b.
e inclusion of user costs in LCCA
is particularly controversial among
some States. Part of the controversy over
user costs is the fact that they often are
many times higher than agency costs
and can critically influence decisions.
While all motorists do not value costs of
delays as highly as do commercial
travelers, the costs and lost productivity
to businesses of delays around work
zones are simply too high to ignore. In
fact, such deiays arguably have a greater
impact on business than delays
associsted with inadequats capacity
becauss businesses factor normal
congestion costs into their plans; but
delays around work zones generally
cannot be foreseen and thus are more
g.ismp:ive. Technical advisories to be
eveloped on estimating user operati
and der;icrms will address thxrs” u:;:s
in greater detail.

In addition 1o increased delay and
vehicie opereting costs, rehabilitation
and maintenance activities may result in
increased sccident costs around work
zones. Technical advisories will be
developed to assist in estimating
increases in accident rates associated
with different types of rehabilitation
and maintenance activitied. The most
comprehensive information on the costs
of motor vehicle accidents is contained
in the National Highway Traffic Safety
Admidistration's publication. “The
Econpmic Cosnof Motor Vehicle
Crasbes1950." A Eopy of this
docusment is available ifithe public
docket {or this notice. 2

The proper use@f the discount rate
has been an issfie for LCCA. cost-benefit
analvsis and other t of ecopomic
analysis as well. Among the issues are
the relationshup between the discount
rate and inflation, factors that affect the
choice of rates, and bow to establish
rates over a long analysis period. Office
of Management and Budget {(OMB) -
Circular A~94, “Guidelines and
Discount Rate for Benefit-Cost Analysis
of Federal Programs,” provides
guidance on selecting appropriate
discount rates for economic analyses.
Since the choice of discount rate can

analysis mav be appropriate if two or
more alternatives are ciose in cost, if
strearns of costs and benefits among
alternatives vary significantly over time,
or if the discount rate is outside the

range of discount rates recommended by -

OMB.

The FHWA will develop training and
technical assistance materisls to address
issues in LCCA. These materials should
suppiement guidance on economic
analysis techniques contained in
AASHTO's 1877 publication, “A
Manual on User Benefit Analysis of
Highway and Bus-Transit

* lmprovements, ! the “‘Red Book,” in

the forthcoming update to that
publication which was developed under
National Cooperative Highway Research
Program Project 7-12, and in other
guidance on LCCA issues. While
sdditional materials are being
developed. this interim policy statement
provides guidance on LCCA principles
spplicable to highway and structure
design,

The FHWA is reviewing its policy on
alternative bridge desigiis (53 FR 21637,
june 8, 1988) for consistency with this
interim life-cycle céstanalysis policyns
well as with Executive Order 12893.
Policy

The following iSFHWA's LOCA
policy for infrastucture investment
snalysss. It represents good practice that
should by followed by States and local
transportation agencies in siaking
program and project investment
decisions:

1. Life-cycle costs are an important
consideration i1 all highway investment
decisions.

2. The|level of detail in LCCA should
be comménsurate with the level of
investfient involved and the types of
alternstves being analyzed. Investments
on the NHS generslly warrant more
detailed analysis than investments on
non-NHS routes. Similarly, svaluation
of decisions whether to reconstruct or
rehabilitate s {acility warrants more
detailed analysis than consideration of
alternative maintenance strategies.

3. Typical life-cycle cost analysis

.profiles may be developed and used as

the basis for evaluating alternatives for
general types of improvements, such as,
consideration of alternative pavement
designs or different of bridges on
various functional class highways.
Major programs and projects, however,

! This documeet {s seatlable for inspection &
prescribed st 49 CFR Part 7. Appendix D. It mey
be purchased from the Amencan Association of
State Highway and Transporution Officils, 444 N.
Capitol Street, NW.. Suite 228, Washingoa DC
20001, A copy aiso will be availabie in the public

affect relative life-cycle costs. sensitivity  docket for is notwcs.
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often will require consideration of a
broad range of elternative rehabilitation
and recanstruction options and more
detailed analysis of potential
alternstives. The potential applicability
and use of LCCA profiles will be ’
discussed in greater detail in future
technical advisories. "

4. Other factafS) including budgetary.
environmental. and safety
cousiderations, legititiately influence
highway investment decisions and
should be considered elongiwith the
results of LCCA in evaluating
investment sltematives. Life-cvels cost
analysis principles should be usedin
conjunction with pther appropriste
economic analyuis techniques in
pavement and bridge management
systems. Systeinwide or Detwork
objectives as welhas project level
concerfis should be considered in
decidionmaking. and both levels of
analysis should consider life-cycie
costs.

S. Analysis periods should be for the
life of the facility or system of facilities
being evaluated and shouid account for
costs of foreseeable future actions,
Analysis periods should not be less than
75 years for major bridge, tunnel, or
hydraulic system investmants, and not
less than 35 years for pavement
invesunents. Longer design lives may be
appropriate for the NHS or other major
routes or corridors.

6. All appropriate qzﬁ' costs
anticipated during the analysis period
should be considered in the analysis,
including traffic control costs during
maintenance and rebabilitation. costs of
special construction procadures
required to maintain taffic, and agency
operating costs for such things as tunnel
lighting and ventilation. In those cases
where the agency required to operste s
facility is not the one making the
investment decision. it is important for
the funding agency to include operating
costs borne by other organizations
responsible for operating the facilities.

7. User costs including increased
vehicle operating costs, accident costs,
and delay-related costs incurred

- throughout the analvsis period should

be considered in LCCA. Increasad costs
due to deteriorated riding surfaces,
tircuitous routings, and accidemts and
delays around and through maintenance
and construction work zanes ars all
impornant.

8. Future agency and user costs
should be discounted to net present
value or converted to equivalent

. uniform annual costs uaing appropriate

discount rates. Discount rates selected
should be consistent with guidance
provided in OMB Circular A-84.
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AN Memorandum

US Deparmment
of Transportanon

. Federcl Highway

Subject

From

To

Administration

INFORMATION: 1991 Intermodal Surface Transportatio
Efficiency Act (ISTEA) Implementation bae  MAY @) 1992
Interstate Maintenance Program

Reply to

Associate Administrator for AR O NG 14
Program Development

Regional Federal Highway Administrators
Federal Lands Highway Program Administrator

The purpose of this memorandum is to provide written guiflance regarding the
provisions in the 1991 ISTEA which created the Interstate maintenance (IM)
program.

Authgri;ationg - Section 1003

Section 1003(a)(1) establishes the first annual authorizations for the
IM program for FY 1992 through FY 1997, imamounts ranging from $2.431 billion

- to $2.914 billion.

Apportionments - Section 1009

Section 1009 modified Section 104(b)(5)(B) of Title 23, which previously
established the apportionmeént formula for the I-4R program. The formula
remains based on the same factors, lane-mile (55 percent) and vehicular miles
of travel (45 percent), for apportioning IM funds, but the formula now
includes those_Interstate routes designated under Sections 103 and 139(c)

of Title 23 plus Interstate routes designated under 23 U.S.C., Section 139(a)
before March 9, 1984 (except toll roads not subject to a secretarial
agreement as provided in Section 105 of the Federal-Aid Highway Act of 1978).
Section 104(b){5)(B) of Title 23 provides that no State shall receive less
than One-half percent of the total IM funds apportioned annually.

The certificaténof apportionment of FY 1992 funds was transmitted by the
FHWA Notice N 4510.264 dated December 18, 1991.

Availability - Section 1020

Section 1020(a) rewrites 23 U.S.C. 118 and provides that IM funds shall remain
available for obligation in a State for a period of 3 years after the last day
of the fiscal year for which they are authorized. For example, FY 1992 funds
were apportioned on December 18, 1991, and will lapse on September 30, 1995,
and FY 1993 funds will be apportioned on October 1, 1992, and will lapse on
September 30, 1996. .
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fFederal Share - Section 1021

Section 1021(a) provides that the Federal share on all IM projects shall be
G0 percent, except as modified in States with sliding scales.

Eligibility - Section 1009

Section 1009(e)(5) amends 23 U.S.C. 119(a) to permit the Secretary to_apbrove

IM funded projects for resurfacing, restoring, and rehabilitating sbutes on

the Interstate System designated under Sections 103 and 139(c) of/Title 23,

%?gjrogges designated prior to March 9, 1984, under Section 139(a) and (b) of
e 23.

Section 1009(e)(3) amends Section 119(c) of Title 23 to gStabiishhtypes of
work eligible for IM funding. The section has been intérpreted to include as
eligible, those work items which provide for 3R work on existing f@atures on
the Interstate route and its interchanges and gradefseparations within normal
"touchdown 1imits.® For example, the rehabilitation of existing sbadside
hardware may include IM funding for work such as bringing old Guardrail up to
current standards, maintenance of impact attenuators, refurbishing existing
traffic control signs, pavement markings, and other devices, etc. However,
excluded from eligibility for IM funding dre all newmork elements, such as
new interchanges, new ramps, new rest areas,.new noise walls, or other work
which does not resurface, restore, or rehabilitate an existing element.

Existing bridges (including @ver £rossing structures) may be replaced with
IM funds, provided they meet the structurilly deficient criteria of the
bridge program. Bridges classitied as functionally obsolete may also be
replaced with IM funding, exceot that capacity expansion elements should be
subject to the limitations disCussed in the following paragraphs.

Section 1009(a) prohibits IM funding for the portion of the cost of any
project attributabl@ to' the expansion of the capacity of any Interstate
highway or bridge, &xcept for the/addition of high-occupancy vehicle lanes or
auxiliary lanes(such as truck €limbing lanes).

In détérmining what portion of a project is eligible for IM funding and what
portion 15 Gapacity expansion (and, therefore, not eligible for IM funds), the
basic purpose ofithe project should be considered. If the project is a
combination of presefvation and capacity expansion, the cost should be split
with 3R itess eligibie for IM funding and capacity expansion items eligible
for other funds. In determining the split, it may be helpful to visualize the
project without the capacity expansion work (added lanes, bridge widening or
extension for example) and allow IM funding for all necessary 3R items.

Section 1009(e)(4) amends 23 U.S.C. 119(e) to allow IM funding for preventative
maintenance activities, which a State can demonstrate through its pavement
management system, are a cost-effective means of extending Interstate pavement
life. Preventative maintenance includes activities such as sealing joints and
cracks, patching concrete pavement, shoulder repair, and. restoration of
drainage systems which are found to be cost-effective projects resulting in
extending the service life of pavements.
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This provision has been extended administratively to allow IM funding for other
preventative maintenance activities. Examples may include structure work such
as crack sealing, joint repair, seismic retrofit, scour countermeasures, and
painting of steel members which are cost-effective in extending the service
life of the structure.

Joll Roads, Bridges and Tunnels - Section 1012

Section 1012(d) provides that existing toll agreements entered inté under
Section 119(e) or 129 of Title 23 prior to and in effect on the date of
enactment of the 1991 ISTEA, shall continue in effect. A1l new agreements must
be executed in accordance with the provisions of the 1991 ISTEA. "Guidance on
the use of Federal-aid funds on toll roads has been provideduby Mr. Kane'’s
memorandum of March 12, 1992.

Discretionary Funds

There is no provision for set aside of funds from the IM program for
discretionary purposes. Also there is no provision for reallo€ation of
apportiqned IM funds which lapse at the end of the availability period.

Section 1020 does provide for a continuation of thenl-4R discretionary fund
program that is separate and distinct from the IM program. The source of the
1-4R discretionary funds is an annual set aside from National Highway System
(NHS) funds. These I-4R discretiomary funds may be used for IM-type projects
or for other improvements on the/Interstate including projects to provide
additional Interstate capacity., A memorandum was issued on December 20, 1991,
which outlined procedures for applying for £Y,1992 I-4R discretionary funds. A
similar memorandum will be_issued annually.

Transferability - Section 1009

Section 1009(e)(5){B) and (E) modifies 23 U.S.C. 119(f) to allow a State to
unconditionally transfer an amount not to exceed 20 percent of its

IM apportionmernd)to its apporti@nments under 23 U.S.C. 104(b)(1) for the NHS,
or 23 U.S.C. 104(b)(3) for the Surface Transportation Program (STP).

Section 1008(b) further amends 23 U.S5.C. 119(f) to allow a State to transfer an
amount) in excéss. of the 20 percent unconditional IM fund transfer, if the State
certifies to.the Séoretary that (1) the sums to be transferred are in excess of
its needs for resurfacing, restoration or rehabilitating its Interstate System
routes and (2) the State is adequately maintaining the Interstate System, and
if the Secretary accepts the certification.

State requests to transfer IM funds should be submitted to the Division
Administrator and may be approved by the Regional Federal Highway Administrator.
Funds transferred into the STP will be transferred into the State Flexible

Appropriation Code 33D.
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Adequate Main n f the Interstate te

Requirements for The State to certify that it is adequately maintaining the
Interstate System and that the Secretary develop criteria for determining what
constitutes "adequate maintenance® were added by Section 1009(c)(2).

We anticipate that formal rulemaking may be necessary to allow inputyfrom the
States in the development of definitive guidance on what constitutes adequate
maintenance. Therefore, for the purpose of evaluating State requests to
transfer IM funds, in excess of the 20 percent unconditional amount, 2nd until
such time as these criteria are established, the guidance contained{in the
Federal-Aid Policy Guide, CFR 635E and its supplement (old FHPM 6-4-3-1) should
be used for determining whether the State is adequately maintaining the
Interstate System.

rters nca

This guidance will be updated in the future if further clarifications are found
necessary. Questions about what constitutes adequat® mainténince of the
Interstate System should be directed to the Construction and Mainténance ‘
Division (KNG-21). Pavement management systems are coordinated Dy the Pavement
Division (HNG-41). Other questions abdut theoIM program should be directed to
the Interstate and Program Support Branch (HNG=13)s. . . :

e

Anthony R. Kane
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INFORMATION: Preventive Maintenance
- e 278

Associate Administrator for Reow 1o HNG=-10
Progran Development An of

- Regicnal Federal Highway Administrators

Federal lands Highway Program Administrater

Section 119 of Title 23, United States Coflz, was anended dy the. -
Intermodal Surface Transpartation Efficikncy MAEL of 1991 to
provide specific Federal-aid fund eligibility Zor ptoventzvc
maintenance on Interstate highways.

We consider preventive maintenance to include Fondway activities
such as joznt repair, pavement patching, shoulder repair, and .
restoration of drainage systems, and bridge activities such as
crack sealing, joint repair, seiszic retrofit, scour
counternsasures, and painting., Such wark is eligible for
Federal-aid participation where the work is determined to be
cost-effective for preseiving tha pavement and bridge structure
and extending th@ pavenaent and bridge life to at least achieve
the design life of tha facility. : ,

Dues to the nature of praventive naintenancs type work, the
Division Administrator may approve a reguest to advance this type
of project on/interstate highways without including safety or
geometric enhancerentsd but with the understanding that
appropriats sifety and geometric enhancenments will be an integral
part of future 3R/4R projects. This approach may also !'s applied
to niner work the, Division Administrator considers elig ble for
Federaleaid funding cn other Federal-aid highways. >reventive
paintenance or minor work items shall not degrade any ex;s:;ng
satety or gcomctrzc aspccts ot the facility.

R

" Anthony R. Kane
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e - Memorandum |

US Depormmert
of Tronspormnon
Federai Highwoy
Administrotion
suect  INFORMATION: Interstate Maintenance Program Date  June 14, 1993
Reowy 10
From  Executive Director Aita o HNG#21

To  Regional Federal Highway Administrators
: Division Administrators
Federal Lands Highway Program Administrator

Over the last decade, the State highway agencies have carried out necessary
resurfacing, restoration, rehabilitation and Teconstruction (4R) of Interstate
highways in accordance with the provisions of 23 U.S.C.0118sing funds
apportioned under 23 U.S.C. 104(b)(5)(B). Since there was no differentiation
in eligibility or pro rata funding forsthe various classes of work, there was
not a need to develop strict definitions foridetermining whether the proposed
work was resurfacing, restoration, ®¥ehabilitatiem or reconstruction. General -
definitions for pavement reconstruction and pavement rehabilitation (3R) are
included in the "Pavement Policy®, (23 CFR\626) which was established in 1988.

Currently, some questicas pertaining to the definitions for rehabilitation and
reconstruction have been raised since Section 1009(s) of the ISTEA of 1991
generaily eliminated reconstruction on the Interstate System from eligibility
under 23 U.S.C. 119, lhterstate Maintenance (IM) Program. As revised, this
section promotes mdintenance of the Interstate System through approval of
projects for resurfacing, restoration and rehabilitation, and through
preventive maintepance activities.

Preventivesmaintenanceyinclddes restoration or rehabilitaticr of specific
elements of a highway ¥acility when it can be demonstrated that such
activities are)a cost-effective means of extending the pavement life. The
1ist of specificwork elements which are generally accepted as extending the
servicénlife of pavements and bridges is extensive. In general, any work
which provides additional pavement structural capacity (general overlays or
replacgment of portions of the pavement structure), or prevents the intrusion
of widter into the pavement or pavement base (seal coats, joint seals, crack
seals, overlays), or provides for removal of water that is in the pavement or
pavement base (underdrains, restoration of drainage systems), restores
pavement rideability (profiling, milling), or prevents the deterioration of -
bridges (cleaning and painting, seismic retrofit, scour countermeasures, deck
rehabilitation or repair, deck drain cleaning) are considered to be work which
extends the service 1ife of the highway. These typical preventive maintenance
work items are not intended to be all inclusive but are rather a limited list
of examples. The changes made by Section 1009(e) of the ISTEA of 1991 allow
considerable flexibility in determining, based on -20d engineering analysis,
the most cost-effective method of extending the se:vice l1ife of the existing

Interstate pavements and bridges. :
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Each of the States either have, or are in the process of developing pavement,
bridge and other management systems in response to the ISTEA of 1991 and
previous FHWA policies. One of the purposes of a pavement management system
is to identify cost-effective strategies for proposed pavement work. In some
cases, the most cost-effective pavement strategy may be removal and
replacement of all or part of a badly deteriorated pavement structure.
However, if a removal and replacement strategy is considered ineligible for IM
funding, a less cost-effective strategy may be selected by the Stateé based
only on the class of available funding. Forcing any particular stratégy based
primarily on availability of funds would not provide the public with the best
use of Federal-aid funds. Therefore, in order to provide the States with
necessary flexibility and still meet the intent of the revised 23 U.S.C. 115,
pavement work which is identified by the State’s pavement manageément system as
being cost-effective, including removal and replacement strategies) where ao
additional capacity is provided is eligible as an IM Program Funded praojeCt.

Reconstruction on the Interstate System may still be approvedl; however, unless
the proposed work meets the eligibility requirements of 237U.S.C. 119(¢), such
work must use funds other than those apportioned (Under 23 U.S.C./104(b)(5)(B).

Mr. Anthony R. Kane’s May 21, 1992, memorandum on 1991 Intermodal Surface
Transportation Efficiency Act (ISTEA)) Implémentation Interstate Maintenance
Program” listed, as examples, several types of improvements which were not
eligible for IM funding. The example concerning “néw ramps® has created some
confusion. As a result, further clarification is necessary. -

After reviewing the legislation,(we have determined that the addition ofsnew
ramps at existing interchanges is properiy a part of "interchange - . ~- :
reconstruction” and does not constitute added capacity under 23 U.S.C. 119(g).
Eligible new ramps may include those associated with reconstruction of
existing interchanges negessitated by traffic growth or operational problems.
 Examples might include/the addition of one or more loops to an existing
diamond interchange, the addition of a directional ramp to relieve Interstate
traffic congestion, or the addition of a ramp or ramps to provide a missing
traffic movementd These examples are also not intended to be all inclusive.
In general, new ramps assocjated with the reconstruction of an existing
interchange are eligible Tor IM funding and conversely, new ramps on an
Intarstate route where there is presently no existing interchange are not
eldgible, for IM funding. '

" In addition to bhese comments and guidance concerning pavement and interchange
eligibilityl any praposals for IM funded projects should include ‘
considerations for safety or geometric enhancements in accordance with

Mr. Kape's July 27, 1992, memorandum on "Preventive Maintenance.®

Z/Q“ZL |

E. Dean Carlson
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Mc Trans (Center for Micro-
computers in Transpaortation),
is a scftwars distribution and
usar support center, originally
sstablished by the Federal
Highway Administration
[FHWAY, ond now supported
by the Faderol Transit Admin-
istration (FTA). The Mc Trans
Center proyides support to
microcomputet usersdhiraugh
technical assistance of the
software it distributas,

Our goal is to serve as the
nation’ ypfimary center for
tachdicol supporhand distribu
tio ot highway transportation
and fransit software. With o
staff of experts in o wide
range ol speciaities,

Mc Trans fislds inquiries on
a variety of subjects, such as:
whai progroms are available
for yout needs, which com-
putef should be purchosed to
runyour software, and help
with specific programs.

As o support center, we learn
about whaot software others
are using and hear about
programs that you ars looking
for. Feel fres to cali Mc Trans
with your questions: 1-800-
226-1013 {24-hour message
hotline); {904) 392-0378;
Fax: (904) 392-3224; or
logon to Mclink, our 24-hour
slectronic bulletin board,
(904) 392.3225.

McFinder, the Mc Trans
cataiogron-disk, is updated
quarterly. This catalog is up-
dated annually, with quarterly
updates in the McTrans
Newsletter. Both can be
obtained free on raquest.
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HIGHWAY ENGINEERING
PAVEMENTS

Carson City PMS

The Carson City Pavement Management Sys-
tem was developed under an FHWA Rural

* Technical Assistance Program (RTAP) project.

Road inventory data include street name, seg-

* ment limits and location, subgrade strengths,
- lengths, widths and surrounding land uses.

Structural information includes presence of
curb and gutter, shoulder width, surface and
base type, thickness and deflection. The condi-
tion survey includes information on ride qual-
ity, ailigator cracking, ravelling and longitudi-
nal plus traverse cracking as the recorded forms
of distress; and acceptable, tolerablie and unac-
ceptable listed as the three degrees of severity.
The total quantity of each distress and severity
combination is recorded for each street segment
and deduct values assigned. Traffic survey in-
formation includes volumes and classification.
The type and extent of distress determine the re-
habilitation strategy alternative. The ride quai-
ity, alligator cracking and status of surface ravel-

! ling are checked. Then, depending on the traffic

index (a measure of truck volume and weights),
a maintenance and rehabilitation treatment is
recommended. Priorities are assigned based ona
cost-benefit ratio determined as a function of
cost-per-vehicie-mile. Cost estimates are then
applied and listed with the expected life cycle
before new treatments are required.

LOS: 3 {from FHWA)

Operating Systenu [BM PC/MS-DOS 2.1+
(384K and Hard Disk)

Supporting Software: dBASE [lI+

Product# Description Price
CCPMS Carson City PMS, 7/89 550
CCPMS.D  Documentation $10

| ELSYM 3

ELSYM 5 is a computerized procedure which
models a three-dimensional idealizéd slastic
layered pavement system. it computes the vari-
ous component stresses, stzains, and displace-
ments along with prisicipal values at locations
specified by the user, withifithe layered paves
ment. This program was developedifor the Fed-
eral Highway Administration,

LOS: 3 (from FHWAS

Operating System: IEM PC/MS-DOS 2.1+

Product#  Description Price
ELSYM ELSYMS, 1286 $40
ELSYM.D Documentation $5

EXPEAR

EXPEAR (EXpert system for Pavements Evalu-
ation And Rehabilitation) is a comprehensive
computerized system to assist engineers in
evaluating concrete highway pavements, de-
veloping feasible rehabilitation aiternatives,
and predicting the performance and cost effec-
tiveness of the alternatives. In its current state
of development it is considered an excellent

training tool. Some modifications would be
required to make this program suitable for
routine use.

. A computer program has been developed for

each of the three pavement types: Jointed
Plain Concrete Pavement (JPCP), Jointed Rein-
forced Concrete Pavements (|[RCP), and Con-
tinuously Reinforced Concrete Pavement
(CRCPY. The current version is EXPEAR 1.4
which possesses the capability to do life-cycle
cost analysis and to delay rehabilitation up to
five years.

EXPEAR was developed by the University of
Hlinois at Urbana-Champaign under FHWA
administrative funded or Highway Planning
and Research funded contracts. Further work
to enhance the capabilities of EXPEAR is pro-
posed. A hard disk is recommended both for
speed of execution and storage of data files.
EXPEAR comes from Kathleen T. Hail of the
University of [llinois. A supplemental docu-
ment describing the Concrete Pavement Evalus
ation and Rehabilitation System is aiso avail-
able.

LOS: 3

Operating System: [BM PC/MS-DOS 5.0+
Products Description Price
EXPEAR EXPEAR, Ver.1.4 $45
EXPEAR.D Documentation $20
EXPEAR.DS Sdpplemental Document) 525
HDM-1il and HDM-PC

HDM-111 and HOM-PC (Highway Désign and
Maintenance Standards Model) is designed to
maie comiparative cost estimates and economic
£valuations of different tonstruction and main-
tenance options, including different time stag-
ing strategies, either for a given road section or
ah entire network. The concept can simply be
outlined as: determining costs, adding the set
of costs over tinfie ind comparing the total cost
streams for various maintenance and construc-
tion altermnatives.

HD-PC includes the core HDM-III model, a fa-
cility to input data, 2 mechanism to use the out-
buts with Lotus 1-2-3, and a constrained version
of the Expenditure Budgeting Model (EBM). If
HDM is used with the EBM, it is capable of
comparing options under year-to-year budget
constraints.

The basic data requirements are the network de-
scription, construction options, maintenance
standards and unit costs, vehicle charactenistics
and unit costs, traffic volumes and projections,
exogenous benefits and costs, and analysis period
and discount rates. The program is distributed ex-
clusively by Mc Trans under license from the
World Bank in Washington, DC.

The HDM-PC comes in two versions: 1) fully sup-
ported, which includes free technical assistance
and updates and 2) unsupported, which has no
support services. Both include the HDM-PC
User's Manual and the EBM. The EBM may aiso

o s, +

be purchased separately {PC oniy). The main-
frame version is only available as fully sup-
ported. The main HDM-III documentation
{(HDM.DV1 and .DV2 below), which describe the
model in detail, must be purchased separately.

A French version of HDM [11 is available from
PENDC of Paris or thrdughMc Trans. Cali for
details.

LOS: 1 {Copyright 1988, the World Bank)

Operating System: {BM POCMS.DOS2.2+ (640K
and Hard Disk) and M@aintrame

Product# Description Price
HDM Fully sypported HDM-PC,|  $300
Ver.2.0 (el EBM, User's
Manual, Volumes 1, 2 and
HDM Manager)
EBM Fully supported version $60
of EBM iindd User's Manual)
HOM.UPG ( Upgrade 10 supported $300
HDM.UNC  Unsupported HDM-PC $100
(incl. EBM and User's Manual}
EBM.UN Liosupported version of $30
EBM fincl. User's Manual)
HDM.D Extra copies of HDM-PC $15
User's Manual
HDOM DVt HDM model documentation  $20
. E Vol. 1: Description of HDM-I1
HOMDV2 HDM model documentation 825
Vol. 2: User's Manual for
HDM-III
HDM Manager

HDM Manager is a user-friendly shell environ-
ment for specific customized applications of
HDM-IIL. {t stores the input data in an efficient
manner, creates ail the required HDM-III input
files, runs the HDM-III program, collects the
results and presents the results in a practical
way. It provides a simple but powerful package
for fearning and using the major concepts of
HDM-IL

HDM Manager is designed to be used with the
tull HDM-III package and documentation,
which must be obtained separately. HDM
Manager comes from the World Bank and is in-
cluded with the fully-supported HDM-II1.

LOS: 3 (Copyright 1993, The Worid Bank)
Operating System: {BM PC/MS-DOS 3.1+
Product#  Description

HDM.MGR HDM Manager, Ver.2.0

Price
$1S

ILLI-BACK

ILLI-BACK is a closed-form backcalculation
procedure for rigid pavements. [t is a comput-
erized adaptation of a rigorous, theoreticaily
sound and efficient backcalcuiation proce-
dure, applicable to two-layer, rigid pavement
systems. This method simplifies considerably
the effort required in interpreting nondestruc-
tive testing (NDT) data. A unique feature of .
this approach is that in addition to yielding
the required backcalculated parameters, it also

FAX (904} 392.3224
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allows an evaluation of the degree to which
the in situ system behaves as idealized by
theory, and provides an indication of possible
equipment shortcomings when these arise in
the field. )

The ILLI-BACK backcalcuiation procedure
considers a two-laver system, consisting of a
rigid pavement slab resting on an elastic solid
{ES) or a dense liquid tDL) foundation. The
backcalculation process requires four sensor
deflections and utilizes the concept for deter-
mining the Area of the deflecting basin.

When ILLI-BACK is executed on a personal
computer, execution time per deflection basin
permits the interpretation of a vast amount of
NDT data in a very reasonable time. The
method makes it feasible for the first time to
have a practical backcalculation procedure at-
tached to the testing device in the field, pro-
viding instant checks on the accuracy of the
deflection results generated, while there is
still time and opportunity for remedial action.
The program supports English and Metric
units and runs interactively or in batch mode
and is distributed in Copy-Protected format.

LOS: 7 i(Copyright 1988, A.M. loannides)

Operating System: IBM PC/MS-DOS 2.1+ and
tmath coprocessor

Product# Description Price
ILBACK ILLI-BACK, Ver.2.0 $225
ILLI-PAVE Algorithms

ILLI-PAVE Algorithms is a program based on a
set of algorithms that were assembled from
ILLI-PAVE, a very large complex finite element
program. The algorithms are contained indhe
program called ILLIALGR in the form 6f a'se-
ries of spreadsheets selected from the/menus.
[LLI-PAVE Algorithms can be used for prelimi-
nary design and analysis of flexible pavements.
This program was developed forthe Federal
Highway Administrations

LOS: 3 (from FHWA)

Operating System: IBM PC/MS-DOS 2.1+

Product¥ Description Price
ILLY ILLI-PAVE, 12/86 $40
ILLLD Documentation $5
JCP-1

JCP-1 {JointedConcrete Pavement) determines
the serviceability and fatigue data for use in
rigid pavement design. The design process is
an iterative process in which a designer speci-
fies trial structural designs, determines the re-
quired inputs, executes the program, analyzes
the resulting fatigue and serviceability data,
modifies the design, and repeats the procedure.
The program will analyze any number of slab
thicknesses and provide outputs for each thick-
ness, while holding all other inputs constant.

LOS: 3 (from FHWA)

Operating System: [BM PC/MS-DOS 2.0+

Product#  Description Price

jcpe Jointed Concrete 545
Pavement-1, 12/86

JCP.D Documentation 85

Long Beach PMS

The Long Beach Pavement Management Sys-
tem was also developed under the FHWA Rural
Technical Assistance Program (RTAP) project.

The system uses data files for physical informa-
tion on the sections to be'included in the analy-
sis; pavement survey data detailing the condi-
tion of the surface; and information on the scor-
ing, treatrment and cost estimates for each road
segment. Traffic data are incorporated into the
analysis in the form of a Traffic Index based ofl
ESAL’s. An evaluation system is utilized which
rates the sections from the pavement surveys
and applies a decision tree to determine initial
proposed treatments and their estim@ted costs.
LBPMS analyzes both flexible (asphalt ton-
crete) and rigid (Portland cement concrete)
pavement types and produces several interme-
diate and fin@lbreports.

LOS: 3 (From FHWA)
Operating Systemd [BM PC/MS-DOS 2.1+

{384K and Hard Disk)

Supporting Software: dBASE 11+

Product# Description Price

LBPMS Loug Beach PMS, 6/82 40
s10

LBPMS.D  Documentation

MAPCON

MAPCON iMethods for Analyzing Pavement
CON(dition data) is a comprehensive, but user
friendly packagefor pavement safety, rough-
ness,@rcturai capacity and surface condition
analysis. MAPCON includes ELSYMS and the
Calforitia FPMS and RPMS (which also are dis-
tribufed separately) and others. MAPCON pro-
Vides “paths” to all the individual programs,
enabling the user to better analyze the pave-
ment conditions, which can then be made part
of a pavement management system.

MAPCON was developed by Pennsylvania
State University and ARE, Inc., under contract
to FHWA. A hard disk is highly desirable, but
not required.

LOS: 3 (from FHWA)

Operating System: IBM PCMS-DOS 2.0+
{512K)

Product# Description - Price
MAPCON  MAPCON, 4/87 $100
MAPCON.D Documentation $65

MIX

MIX is a menu driven, BASIC program which
calculates the specific gravities of aggregates
for the design of the asphait mix and the pro~
portions of each aggregate in the mix. The pro-
gram is based on the methodology described in

the MS-2 Report published by the Asphalt .
stitute. No formal documentation is availabi

LOS: 5 (from University of Puerto Rico)
Operating System: IBM PC'MS5-DOS 2.0+
Supporting Software: BASIC

Product#
MIX

Description P
M, 1/80

MODULUS and PASELS

MODULUS afid PASELS afe two programs
assess the girrent condition ofithe moduli o
various structural layers of existing asphalt
pavement.| [hie moduli values ace aften ab-
tained through hondestructive testing with
usemf falling weight deflectotneters. The h-
volume data colleghion@@pabilities of mode
nondestructive testing equipment require a
analy§is methed which is capable of rapid
baékeaiculation of pavement layer moduli
production mode of data reduction. A layer
elastic methdd, MODULUS, was develope«
mibrocomputer use which is very fast in op
tton and provides consistently reliable rest
Random errors in the measurements and s
tematic errors in the backcalculation proce-
may be reduced~the former by repeating tt
measurements and the latter by using a mi
computer expert system, PASELS, to provi
consistently acceptable layer moduli value
These programs were developed under a’
tional Cooperative Highway Research Prc
gram project, the results of which are pub
lished as NCHRY Report 327, “Determini
Asphaltic Concrete Pavement Structural ¥
erties by Nondestructive Testing.” This no
which contains user's manuals for both p
grams, may be obtained through the Tran
tation Research Board, Washington, D.C.

LOS: 3

" Operating System: IBM PC/MS-DOS 2.0+

Productd  Description
MODUL MODULUS, Verd.0
PASEL PASELS, Ver.1.0
NULOAD

NULOAD is a computerized procedure th
evaluates the effect of legal load limit cha
on the (set of 12) life cycle costs of flexible
rigid, and/or composite pavements. Data 1
are interactively input through NULDIN,
user-friendly processor for NULOAD. Co
erable input data is required.

LOS: 3 (from FHWA)

Operating System: IBM PC/MS-DOS 2.0+
Product# Description

NULQAD NULOAD, 1/86
NULOAD.D Documentation
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PAVECHEK

Pavechek is a software package for designing
interlocking concrete pavements. The struc-
tural design of flexible interlocking concrete
pavements can be accomplished quickly on
this menu-driven, PC computer based pro-
gram. Pavement cross section designs can be
generated for both new or overiay interlock-
ing concrete pavements with unbound or
bound base materials. Various levels of so-
phistication can be used in the program de-
pending on the level of detail of input data
available. The design rationale is based on the
widely used 1986 AASHTO “Guide for the
Design of Pavement Structures”,

LOS: 7

Operating System: [BM PC/MS-DOS 2.1+
{Graphics)

Product# Description
PAVECHEK Pavechek, Ver.1.0

Price
$55

Pavement Management
Forecasting Mode!

Pavement Management Forecasting Model
(PMEF) is a Lotus 1-2-3template for use in plan-
ning roadway maintenance and strategies. [t
runs in a Lotus, Release 2 environment and is
compietely menu driven, Data on road mainte-
nance and construction unit costs, pavement
deterioration rates, future funding estimates
and current road conditions are required.
Based upon three repair strategies, output is
generated in tabular summanies and graphic
plots. it ailows changes at any level to iterate
to desired results.

Agencies responsible for roadway maintenance
related funding decisions will find it useful to
compare various alternatives. The Lotus design
is included in the appendix for users who
might modify the algorithms to customized ap-
plications. PMF was donated by Mr. William
Massicott of the Metropolitan Area Planning
Council, Boston.

LOS:3
Operating System: IBM PC/MS-DOS 2.0+
Supporting Software: Lotus 1-2-3

Product#  Description Price
PMF PME, Ver. 1.0 $40
PME.D Documentation $15

Pavement Management System

Pavement Managemerit System (PMS) is a de-
cision support tooi used Lo assist management
responsible for allocating pavement mainte-
nance resources. In a simple view, PMS is a
process where information about the pave-
ment system is coliected, stored, analyzed and
reported.

This third generation, Version 3.0, combines a
life cycle approach to pavement maintenance
with a user-friendly, mouse or keyboard
driven graphical user interface. This standard

system includes five modules for analyzing
inventory, history, pavement condition, cost
and budget, and a knowledge-based ranking
system. It uses a maintenance priority ranking
system based upon the data collected and
stored in the other four modules. In addition,
the system’s modular design allows the inte-
gration with other software to provide en-
hanced graphical reports and system perfor-
mance feedback.

LOS: 7 (Capyright 1992, Resource [nterna-
tional, Inc.)

Operation System:IBM PC/MS-DOS 3.0+

Product# Description Price
PMS PMS $695
PMS.GIS PMS GIS version 52,500
2J PMSPro

PMSPro is a pavement management program
written in the Microsoft Windows environ-
ment using FoxPro for Windows. The progrash
allows the user to completely customize the
program by defining decision trees, rehabilita-
tion strategies, deterioration curves, deduct
curves, and costs for different payement types,
functionai classes, and traffic cidsses 'PMSPro
also contains other methods of calculating
condition scores such as: WADOT PSC, FAA
PCI, PAVER PCL

PMSPro evaluates a street netwock both at the
project level anddhe network level. At the
Project Level, condition gcores are used topri-
oritize sirfets! Decision trees evaluate the lype
and amount of distress to select ah appropri-
ate rehabilitation strategy. PMSFro éan evalu-
ate all street segments or only those that have
cianged since the lashanalysis.

A complete cost accounting package ailows
costs to be adjusted according to the type and
amount of distrgss as well as other costs such
as flagging and engineering.

Al the Network Level, a simplified decmon
processinsesfuture calculated condition scores
to select an appropriate rehabilitation strategy
and cost. The analysis period can range from §
to 80 years. Evaluate by functional class or
traffic class. Carry unspent funds forward. Pri-
oritize by Worst First or Last.

PMSPro also can handle condition surveys or
ditches, sidewalks, street signs and other
street accessories. A maintenance module al-
lows the tracking of past maintenance and
costs.

Compatible with most GIS programs, inciud-
ing Mapinfo from Mapinfo, [nc. A GIS pro-
gram can display pavement condition, recom-
mended rehabilitation strategies, pavement
types, sign inventory, etc. by connecting the
databases to a map.

LOS: 7 (Copyright 199201994, Pavement Engi-
neers, Inc.)

Operating Software: {BM PC'MS-DOS 3.0+

Product #  Description Price
PMSPRO  PMSPRO Pavement $1.000
Management

Program Ver. 5.2

Road Manager™

The Road Manager ™ i§ & modular roadway
management system. [ts unigle features are the
ability to include ALL roadway features in the
evaluation of a road secfion, a modbiar design,
user defined parameters allowing exténsive
customization to fit16¢al conditions and poli-
cies, and 3 modem Software design using light
bar menus, a complete help system and pick
lists for easy data entry.

The GénerallRoadvay modulBlsesves a5 the
“cafiteol center” for all other modules, record-
ing e0ad lengthfs, widths) classifications, etc., as
wellas overdil condition indices for eight dif-
ferenbtydes of roadway features. The General
Roadway module canalso be used as a stand
alone systém, suitable for “windshield survey”
evaluationof 4 toad network, The General
Roadway module is required for all other mod-
ules.

The Asphait Pavement, Roadway Drainage and
Roadway Utility modules allow the detailed in-
ventory and evaluation of roadway distresses,
drainage needs and utility related features.
These modules inciude a user definabie deci-
sion table that determines recommended re-
pairs or maintenance, All calculations reiated to
determining a condition index, recommended
repairs and estimated costs can be modified by
the user.

The Improvement Plan module uses informa-
tion generated in the Asphait Pavement, Road-
way Drainage and Roadway Utility modules to
develop lists of recommended improvements
as well as required budgets to attain a given
network condition level. The computer-gener-
ated plan for improvements can be overridden
by the user. The estimated deterioration curves
used by the system in projecting future pave-
ment and utility patch condition can also be
modified.

The Repair History moduie serves as an elec-
tronic file cabinet, recording all work per-
formed on a road section as it is completed. The
Street Diagram module graphically displays
and prints all Drainage and Utility features that
have been inventoried through their respective
modules.

LOS: 7 (Copyright 1989, The Info Center, Inc.)
Operating System: [BM PC/MS-DOS 3.0+

(640K and Hard Disk)

Product# Description Price

RMRD Generai Roadway, Ver. 1.51 $498%

RMAS Asphalt Pavement, $998
Ver. 1.51

RMGR Gravel Road, Ver. 1.51 $495

FAX (904) 392-3224
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- CONCRETE PAVEMENT JOINTS

Classitication Code Date

T 5040.30 November 30 ), 1990

Par.
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Purpose

Cancellation

Background

Transverse Contraction Joints
Longitudinal Joints
Construction Joints
Expansion Joints

Joint Construction

PURPOSE. To provide guidance and reccmméndations relating to the design

and construction of joints in joigted portland cement concrete
pavements.

2. AN
dated

TION. Technical Adé¢isory. T 5140.18, Rigid Pavement Joints,
December 15, 1980, is canceled.

BACKGROUND

The performance of concrete pavements depends to a lTarge extent
upon the gatisfactory performance of the joints.- Most jointed
concrete pavement fdilures can be attributed to failures at the
joint{ \as'opposed to/inadequate structural capacity. .Distresses
that may result from joint failure include faulting, pumping,
spalling, corner Breaks, blow-ups, and mid-panel cracking.
Characteristics that contribute to satisfactory joint performance,
such a§ 'adequate load transfer and proper concrete consolidation,
have been 'identified through research and field experience. The
incorporation of these characteristics into the design,
constrietion, and maintenance of concrete pavements should result
in joints capable of performing satisfactorily over the life of
the pavement. Regardless of the joint sealant material used,
periodic resealing will be required to ensure satisfactory joint
performance throughout the 1ife of the pavement. Satisfactory
joint performance also depends on appropriate pavement design
standards, quality construction materials, and good construction
and maintenance procedures.

DISTRIBUTION:

OPF HNG-42
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b. The most common types of pavement joints, which are
defined by their function, are as follows:

(1) Transverse Contraction Joint - a sawed, formed, or
- tooled groove in a concrete slab that creates a
weakened vertical plane. It regulates the
location of the cracking caused by dimensional
changes in the slab, and is by far the most)common
type of joint in concrete pavements.

(2) Longitudinal Joint - a joint between twg slabs
which allows slab warping without appregiable
separation or cracking of the slabs.

(3) Construction Joint - a joint between slabs that
results when concrete is placed/at different
times. This type of joint can ba furfther broken
down into transverse and longitudinal joints.

(4) Expansion Joint - a joxnt placed at g sbecific
location to allow the pavement to expand without
gamag;ng adjacent )struCtures or the pavement

tself.

TRANSVERSE CONTRACTION JOINTS.  The primary purpose of
transverse contraction jodints is te control the cracking
that results from{(the ténsileand bending stresses in
concrete slabs caused by the Cément hydration process,
traffic loadings, and the envirchment. Because these joints
are so numercus, their performance significantly impacts
pavement performaiicey A distressed joint typically exhibits
faulting and/or spalling.  Poor joint performance frequently
leads to further distredses sSuch as corner breaks, blow-ups,
and mid-panel ¢racks. Sich cracks may themselves begin to
function as joints and develop similar distresses. The
performajice of transvetse contraction joints is related to
three major factors:

a. Joint Spacing. Joint spacing varies throughout the
country because of considerations of initial costs,
type of slab (reinforced or plain), type of load
£ransfer, and local conditions. Design considerations
should include: the effect of longitudinal slab
movement on sealant and load transfer performance; the
maximum slab length which will not develop transverse
cracks in a plain concrete pavement; the amount of"
cracking which can be tolerated in a jointed relnforced
concrete pavement; and the use of random joint
spacings.

3.1.2
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The amount of longitudinal slab movement that a joint
experiences is primarily a function of joint spacing and
temperature changes. Expansion characteristics of the

aggregates used in the concrete and the friction between the
bottom of the slab and the base also have an effect on slab
movement.

(a) Joint movement can be estimated by the followihg
equation:

Al = CL{aaT+¢)
where:

Al = the expected changelin stabhength, in
inches.

C = the base/slab frictional restraint factor
(0.65 for stabilizedbases, 0.8 for
granular base$).
the slab length, in inches.

a = (the PCOycoefficient of thermal expansion
{see Table Infor typical values).

AT = the maximum température range (generally
the temperature of the concrete at the

Uime of ‘placement minus the average daily
minimum temperature in January, in °F).

¢ = the shrinkage coefficient of concrete (see
Table @ for typical values). This factor
should be omitted on rehabilitation
projects, as shrinkage is no longer a
factor.

—

TYPICAL VALUES FOR PCC COEFFICIENT OF THERMAL

EXPANSION (a) [1] -

Type of Coarse PCC Coeff. of Thermal
Aggregate Expansion (10%/°F)
Quartz , 6.6

Sandstone .5

Gravel 6.0

Granite 5.3

Basalt 4.8

Limestone 3.8

3.1.3
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TABLE 2.

(b) While the above equation can be used to estimate
anticipated joint movements, it may be worthwhile to
physically measure joint movements in existing
pavements. These measurements could provide the
designer with more realistic design inputs.

TYPICAL VALUES FOR PCC COEFFICIENT OF
SHRINKAGE (¢) (1)

Indirect Tensile PCC Coeff. of
Strength (psi) Shrinkage (in./in.)

300 (or less) ' 0.0008
400 - 0.0006
500 0.00045
600 0.0003
700 (or greater) 0.0002

(2)

(3)

For plain concrete siabs, a maximum joint spacing of 15 feet
is recommended. Longer Shabs frequently develop transverse
cracks. It 1§ recognized that in certain areas, joint
spacingsqgreater than 15 feet have performed satisfactorily.
The imiportance of taking local experience into account when
seletting joint spacing (and designing pavements in general)
cannot be overstated. Studies have shown that pavement
thickness, base stiffness, and climate also affect the
maximum anticipated joint spacing beyond which transverse
cracking can be expected. Research indicates that there is
angeneral relationship between the ratio of slab length (L)
to the radius of relative stiffness (&) and the amount of
transverse cracking [2]. This research shows that there is
an,_increase in transverse cracking when the ratio L/¢
exceeds 5.0. Further discussion is provided in Attachment
1. '

For reinforced concrete slabs, a maximum joint spacing of 30
feet is recommended. ' Longer slab lengths have a greater
tendency to develop working mid-panel cracks caused by the
rupture of the steel reinforcement. Studies have also shown
that, as the joint spacing increases above 30 feet, the rate
of faulting increases and joint sealant performance
decreases [4].
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Random joint spacings have been successfully used in plain
undoweled pavements to minimize resonant vehicle responses.
When using random joint spacings, the longest slab should be
no greater than 15 feet, to reduce the potential for
transverse cracking. Some States are successfully using a
spacing of 12’-15'-13'-14’. large differences in slab
lengths should be avoided.

While they do not affect joint spacing, skewed jointshhave
been used in plain pavements to provide a smootdier riden A
skew of 2 feet in 12 feet is recommended, with/ the skew
placed so that the inside wheel crosses the joint ahead of
the outside wheel. Only one wheel crosses the jaint at a
time, which minimizes vehicle response amdndecreases
stresses within the slab. Skewed joidts are mbst commoniy
used when load transfer devices are fot predent.. While
skewed joints may be used in conjunction #fith 10ad transfer
devices, studies have not substahtiated<that skewing doweled
joints improves pavement performance and are ndt
recommended. Dowels in skewed joints must be placed
parallel to the roadway and not perpendicular to the joints.

Load Transfer across the joit. Loads applied by traffic must be
effectively transferred fromgne slab to the next in order to
minimize vertical deflections at the joint. Reduced deflections
decrease the potential for pumping of the base/subbase material
and faulting. “The two principal methods used to develop load
transfer across @ joint are: aggregate interlock; and load
transfer devices, such as dowel bars. It is recommended that
dowel bars be used.

(1)

(2)

Aggregate Interlock. ) Aggregate interlock is achieved
through shearing friction at the irregular faces of the
crack that forms beneath the saw cut. Climate, and
aggregate hardhess have an impact on load transfer
efficiency. It can be improved by using aggregate that is
large, angular, and durable. Stabilized bases have also
been shown to improve load transfer efficiency [14].
Howewer, the efficiency of aggregate interlock decreases
rapidly with increased crack width and the frequent
application of heavy loads to the point that pavement
performance may be effected. Therefore, it is recommended
that aggregate interlock for load transfer be considered
only on local roads and streets which carry a low volume of
heavy trucks.

Dowel Bars. Dowel bars should be used on all routes
carrying more than a low volume of heavy trucks. The
purpose of dowels is to transfer loads across a joint
without restricting joint movement due to thermal
contraction and expansion of the concrete. Studies have
shown that larger dowels are more effective in transferring

3.1.5
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(1)

(2)

()

loads and in reducing faulting. It is recommended that the
minimum dowel diameter be 0/8, where D is the thickness of
the pavement. However, the dowel diameter should not be
less than 1} inches.” It is also recommended that 18-inch
Tong dowels be used at 12-inch spacings. ODowels should be
placed mid-depth in the slab. Dowels should be corrosion-
resistant to prevent dowel seizure, which causes @he joint
to lock up. Epoxy-coated and stainless steel dowels have
been shown to adequately prevent corrosion.

n ] r j

The purpose of a joint sealant is to deter the eatry of
water and incompressible material into the jeint ‘and. the
pavement structure. [t is recognized tHat it 15 not
possible to construct and maintain a watertight joint.
However, the sealant should be capablé of minimizing the
amount of water that enters the pavement dtructure, thus
reducing moisture-related distresses such as pumping and
faulting. Incompressibles should be kept out 6f the joint.
These incompressibles prevent the joint from closing
normally during slab expanSiompand Tead to spalling and

blow-ups. ,

Sealant behavior has a significant influence on joint
performance. High“type sealant materials, such as silicone
and preformed compression seals,)are recommended for sealing
all contraction, longitudinal, and construction joints.
While these materials are more expensive, they provide a
better seal and"a longer service life. Careful attention
should &e ‘given to the manufacturer’s recommended
installation procedurés. Joint preparation and sealant
installation are very important to the successful
performance of the joint. It is therefore strongly
recommended that' particular attention be given to both the
constru§tion of the joint and installation of the sealant
material.

When using silicone sealants, a minimum shape factor (ratio
of sealant depth to width) of 1:2 is recommended. The
maximum shape factor should not exceed 1:1. For best
results, the minimum width of the sealant should be 3/8-
inch. The surface of the sealant should be recessed 1/4- to
3/8-inch below the pavement surface to prevent abrasion
caused by traffic. The use of a backer rod is necessary to
provide the proper shape factor and to prevent the sealant
from bonding to the bottom of the joint reservoir. This
backer rod should be a closed-cell polyurethane foam rod
having a diameter approximately 25 percent greater than the
width of the joint to ensure a tight fit.

3.1.6
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(4) When using preformed compression seals, the joint should be
designed so that the seal will be in 20 to S0 percent
compression at all times. The surface of the seal should be
recessed 1/8- to 3/8-inch to protect it from traffic.
Additional information can be obtained from FHWA Technical
Paper 89-04, "Preformed Compression Seals" [S5]4for PCC
pavement joints."

5. ONGITUDINAL JOINT

a. .

Longitudinal joints are used to relieve warping stnesses and are
generally needed when slab widths exceed 15 feet. Widths up to
and including 15 feet have performed satisfactorily without a
Tongitudinal joint, although there is the possibility 0f, some
longitudinal cracking. Longitudinal jointé should woincide with
pavement lane lines whenever possible, b improv¥e traffic
operations. The paint stripe on widened lanesdshould be at ]2
feet and the use of a rumble strip on\ the widened section is
recommended. -

Load transfer at longitudinal joints 1§ achieved through aggregate
interlock. Longitudinal > joints should be tied with tiebars to
prevent lane separation and/or faullima. The tiebars should be
mechanically inserted and placed at mid-depth. When using Grade
40 steel, 5/8-inch by 30-inch or 1/2-inch by 24-inch tiebars
should be used. Whenmusing Grade 60 steel, 5/8-inch by 40-inch or

"1/2-inch by@2-inch tiebars shouldibe used. These lengths are

necessary to dewelop the allowable working strength of the tiebar.
Tiebar spacing will vary with the thickness of the pavement and
the distance from the joint to Che nearest free edge. Recommended
tiebar spagifigs)are provided in Table 3.

Tiebars/should not_he placed within 15 inches of transverse
joints.| When using tiebars longer than 32 inches with skewed
jodnts, tiebars should not be placed within 18 inches of the
transverse jointsg

The use of corrosion-resistant tiebars is recommended, as
corrosion can reduce the structural adequacy of tiebars.

Iteis recommended that longitudinal joints be sawed and sealed to
deternthe infiltration of surface water into the pavement
structure. A 3/8-inch wide by 1-inch deep sealant reservoir
should be sufficient.

3.1.7
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TABLE 3. MAXIMUM RECOMMENDED TIEBAR SPACINGS ),

\O@%@\@ o Note : 48" maximum spacing recommérided.

RETIEY YN
Ty \H?EJ. Y MY

<

i

NPe6l

S #4 BAR #5 BAR

"0r0S 1 ANOSTAQY

T e “SQ¢>.| GRADE40 | GRADES0 | GRADE 40 | GRADE 60

-~

0¢

-
Se N < 1012162224 110121622241 1012162224 | 10121622 24

Warp | 37 31 2370016 | 48 473525 25| 48 48 36 26 24 | 4B 48 48 40 36

" - -
9 Butt 26 22 16 12 U1 b 40 34 25 18,16 42 35 26 19 17 | 48 48 39 29 26

Warp| 34 2840 1614 | 48 42 32 2320 | 48 44 33 24 22 48 4B 48 36 32
U R : -
10 Butt 24 00016 1110 |, 3630 23 16 14 38 31 24 17 16 48 47 35 26 23

Warp [23105.20 15 13| 47 38 29 21 19 | 4840 30 22 20 | 48 48 44 32 30

Butt | 2 Bt adl 3427 21 05 14 | 3429 21 16 14 | 48 43 3123 21

11“

Warp |\ 8 23 w15 12 1 423527 19 18 44 36 28 20 18 48 48 41 30 28

1 2“

Butt i 13 9 9 3025 19 14 13 S126 20 14 13 47 39 29 21 20

Warp joint: & sawed or construction joint with a keyway
Butt joint: a construction joint with no keyway .
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6.  CONSTRUCTION JOINTS

a. Transverse Construction Joints

(1)

(2)

Transverse construction joints should normally Areplace a
planned contraction joint. However, they should fot be
skewed, as satisfactory concrete placement and cons@lidation
are difficult to obtain. Transverse constructionmjoints
should be doweled as described in paragraph 4b{2) and
butted, as opposed to keyed. Keyed transversg joints tend
to spall and are not recommended.

It is recommended that transverse const#liction joihts bé
sawed and sealed. The reservoir diménsions should be the
same as those used for the transverfe contfaction joints.

b. Longitudinal Construction Joints

)

(2)

(3)

(4)

The decision to use keyed longitudinal ceastruction joints
should be given cdreful consideration. The top of the slab
above the keyway frequently fails in shear. For this
reason, it is recomménded that Kéyways not be used when the
pavement thickness is léss than 10"inches. In these cases,
the tiebars should be designed to carry the load transfer.

When the pavement thickness 15>10 inches or more, a keyway

© may be usedto provide the necessary load transfer. If a

keyway is to De used, the recommended dimensions are shown
in Figure,1. “Kéyways larger than the one shown may reduce
the£oncrete shear, strength at the joint and result in joint
failures. The, keywdy should be located at mid-depth of the
s1ab to ensure maximum strength. Tiebars are necessary when
using keyways. Consideration should be given to deleting
the keyway anfl increasing the size and/or number of tiebars.
The additional steel cost may be more than offset by the
patential savings in initial labor and future maintenance
costs. .

Tiebdrs should not be placed within 15 inches of transverse
doints. When using tiebars longer than 32 inches with
skewed joints, tiebars should not be placed within 18 inches
of the transverse joints.

It is essential that the tiebars be firmly anchored in the
concrete. Tiebars should be either mechanically inserted
into the plastic concrete or installed as a two-part
threaded tiebar and splice coupler system. It is
recommended that periodic pull-out tests be conducted to
ensure the tiebars are sacurely anchored in the concrete.
Attachment 2 describes a recommended testing procedure for
tiebars.

3.1.9
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Figure 1. Recommended Keyway Dimensions

(5) Bending of tiebars is not encouraged. Wher@sbénding of the
tiebars would be necessary, it is recommended that a two-
part threaded tiebdr and splice coupler system be used in
lieu of tiebars. If tiehars musthbe bent and later
straightened during construction, Grade 40 steel should be
used, as it better tolerates the bending. It may be
necessary to reappl¥ia corrasion-resistant coating to the
tiebars dfter they have been sthaightened. When pull-out
tests are performed, they)should be conducted after the
tiebars have Deén straightened.

{(6) It is récomménded that longitudinal construction joints be

sawed/and sealed. The reservoir dimensions should be the
same (a5 those ugéd for the longitudinal joints.

N JOINT

Good ‘design and maintenance of contraction joints have virtually

~ eliminated the need for expansion joints, except at fixed objects

such as structures. When expansion joints are used, the pavement

moves to close the unrestrained expansion joint over a period of a
few years. As this happens, several of the adjoining contraction

joints may open, effectively destroying their seals and aggregate

interlock.

The width of an expansion joint is typically 3/4-inch or more.
Filler material is commonly placed 3/4- to 1l-inch below the slab
surface to allow space for sealing material. Smooth dowels are
the most widely used method of transferring load across expansion
joints. Expansion joint dowels are specially fabricated with a
cap on one end of each dowel that creates a void in the slab to
accommodate the dowel as the adjacent slab closes the expansion
joint, as shown in Figure 2.
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Figure 2.